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C O R E s Looking at the matter from your side, 


what is it that you require from the 
coring tools you use? 


Cable | ool First, and most important, you re- 


quire a core barrel which will bring to 
or Rotary— 


the surface a true core of the formation 
penetrated by the bit—unburned, un- 


EK X p ] O rat 10 nN O iy distorted, uncontaminated, undamaged 


in any way—from which you can accu- 
+ on fi rma C 10)Nn rately judge underground conditions. 


When you use Baker Coring Equip- 
ment, that is exactly the type of core you will secure. 


Second, and almost equally important, you want coring equip- 
ment which functions accurately and steadily, day after day, 


without exasperating and unnecessary delays. 


Baker Core Barrels—both Cable Tool and Rotary—are noted 
for their efficiency in operation. 


Their accuracy in performance and the perfection of the resultant 
cores are particularly valuable in exploration work, checking for 
favorable structures, the geologic column, porosity and saturation 
of the sands, and the various other factors of importance. 


Guesswork and indecision are eliminated. Definitely dependable 
facts are placed in your hands by these two coring tools of superior 
performance ability. 


You should have first-hand, complete information about the 
Baker Cable Tool Core Barrel and the Baker Rotary Core Barrel. 
It is yours for the asking. Write for it—today. 


Export Sales Office: 5 ER. Mid-Continent Branches; 


Room 736, 25 Broadway, 2301 Commerce St. 


OIL TOOLS, INC, Te 


Main O ar, 220 E. Brady St. 
Stocks of Baker Tools and cu. Tulsa, Okla. 
Dealers in all active fields 
California Branches Service are always available 
Taft Bakersfield 


Please use coupon on last page of advertisements in answering advertisers 
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CORE 
DRILLS 
IN THE JUNGLES 


SUMATRA 


In all parts of the world---wherever oil wells are 
drilled and cored---Elliott leadership is supreme. 

The advantages of simple, easy operation---effi- 
cient, economical performance---dependable assur- 
ance of satisfactory recovery of long, informative 
cores---are just as essential to successful petroleum 
production in domestic fields as in the far-off jungles 
of Sumatra. 


That Elliott Core Drills recover long, informative 
cores at the lowest cost per foot of core recovered 
is an established fact which has made them the 
choice of leading o  apsicaye everywhere. 


Elliott Core Drills are manufactured for use with 
both rotary and standard drilling tools. Tell us your 
coring problems and we will send you complete 
data covering the types especially adapted to your 
individual conditions and requirements. 


CORE DRILLING COMPANY 


4731 East 52 ~ Drive 
LOS ANGELES, CALIFORNIA. 


Mailing Address: Box 55, Maywood, Calif. 
Export Office: 150 Broadway, New York 


Distributed exclusively in the United States East of the Rocky Mountains, 
by REED ROLLER BIT COMPANY 


Please use coupon on last page of advertisements in answering advertisers 
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'SOMM-HEKTOR- 


The ultimate in fine cameras. Leica Model C permits 
wider scope and produces better, clearer pictures at all 
distances. One lens for short range pictures — another 
for action shots—a third for “wide-angle” views — a 
fourth for close-ups. See it — or write for sample con- 
tact print and catalog 1186. 


36 pictures per roll of cinema film, double 
frame size. Perfect enlargements and screen 
reproduction. Focal plane shutter. Speeds 
of 1/20 to 1/500 of a secord. 


MODEL 


~ 


Verlag von Gebriider Borntraeger in Berlin W 35 (Deutschland ) 


Erdo | . Allgemeine Erddlgeologie und Uberblick iiber die Geologie der Erdol- 
felder Europas von Dr. O. Stutzer, o. 6. Professor fiir Brennstofigeologie an der 
Bergakademie Freiberg (Sa.). Mit 199 Textabbildungen (XVI u. 628 S.) 1931 

Gebunden, 


SpectaAL Price to A. A. P. G. MemBers, $11.25 


Verfasser, der viele Olfelder kennengelernt hat, behandelt im vor- 
liegenden Bande allgemeine Fragen der Erdélgeologie. Dann gibt er 
einen Uberblick tiber die Erdéllagerstitten Europas cinschleisslich Russ- 
lands. Das Buch ist fiir alle bestimmt, die fiir Erdél Interesse haben 
und die umfangreiche Literatur nicht verfolgen kinnen. 


Ausfiihrliche Verlagsvérzeichnisse kostenfrei 


Please use coupon on last page of advertisements in answering advertisers 
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When a well survey is made with the 
SURWEL Gyroscopic Clinograph two 
runs are made—one going into the hole 
and another when coming out. Both 
results are plotted and must check be- 
fore our operators consider the run suc- 


cessful. 


We GUARANTEE that the location of 
the bottom of the hole in each of the 
two runs check each other within 1% of 
the depth of the hole. So accurate is a 
SURWEL Clinograph that we have al- 
ways been able to be even better than 


our guarantee. 


lf you want to know more about this 
remarkable surveying instrument and the 
service costs, write for descriptive cata- 
log. We will at the same time tell you 
about the SYFO Clinograph, for survey- 
ing drilling progress. 


Sperry-Sun Well Surveying 
Company 
' 1608 Walnut Street, Philadelphia, Pa. 


DALLAS, TEXAS 
1501 Caruth Street 


TULSA, OKLAHOMA 
402 Petroleum Building 


HOUSTON, TEXAS 
1417 Esperson Building 


LOS ANGELES, CALIFORNIA 
415 Petroleum Securities Building 


TYLER, TEXAS 
Bell Building 
CALGARY, ALBERTA, CANADA 
Room 1, Central Block 


SURWEL 
Clinograph 


RECENT 
McGRAW-HILL BOOKS 


for Petroleum Geologists 


Emmons’ GEOLOGY OF PETROLEUM 
New Second Edition 
By William Harvey Emmons, Professor and 
Head of Department of Geology and Miner- 
alogy, University of Minnesota; Director 
Minnesota Geological Survey. 736 pages, 
6 x 9, 435 illustrations. $6.00 


A complete, up-to-date reference work for the 
petroleum geologist, covering the geologic charac- 
teristics of oil fields, large and small, throughout 


the world. The book contains many new illus- 
trations, index maps and cross sections. 
Lahee's FIELD GEOLOGY 


New Third Edition 
By Frederic H. Lahee, Chief Geologist of 
the Sun Oil Company. 789 pages, 538 illus- 
trations, pocket size, flexible $5.00 


A thorough revision of this well-known manual 
of field geology, covering recent extensive ad- 
vances in methods of geological exploration and 

mapping, particularly those that have been de- 
veloped to meet the needs of the petroleum in- 
dustry. 


Ver Wiebe’s OIL FIELDS IN THE UNITED 
STATES 


By Walter A. Ver Wiebe, Professor of Geol- 
ogy, University of Wichita. 629 pages, 
6 x 9, 230 illustrations. .00 
A complete and systematic presentation of the 


fundamental facts of oil accumulation in all fields 
of the United States. 


—@ Examine these books for 10 days FREE @ 
Send This Coupon 


McGRAW-HILL FREE EXAMINATION COUPON 


McGraw-Hill Book Company, Inc., 
370 Seventh Ave., New York City. 


Send me the books checked below, postpaid, for 
ten days’ free examination. I agree to pay for or 
return them within ten days of receipt. 


' 
' 
Emmons—Geology of $6.00 

' Lahee—Field Geology, $s. 

. Ver Wiebe—Oil Fields in the United States, $6.00 

' 

' 

' 

' 

' 
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The 


BREWSTER 
AUTOMATIC 
CORE DRILL 


for SOFT or HARD 
FORMATIONS 


The success in coring a soft formation 
depends on using a core barrel that will 
allow the soft sand to enter the inner bar- 
rel without resistance. 


The Brewster Automatic Core Barrel fills 
this long felt need. It will obtain perfect 
cores in both soft and hard formations. 
The core is easily removed by use of the 
split liner and is in the relative position as 
it is cut. 

The Brewster Automatic Core Barrel is 
deserving of its name. The valve is set 
when going in and allows free washing of 
the inner barrel. When coring is begun 
the valve is automatically closed, forcing 
the water through the core cutter. 


The ball valve at the top has no weight 
on it; thus a soft formation can easily enter 
the inner barrel. A port in the side allows 
air and water to pass out. 


Made in All Sizes and 
Lengths 
Write or Wire for 
Catalogue 


COMPANY~INC. 


Shreveport.Louisiana 
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Stereoscopic 
e 
Vision 
With the Spencer Nos. 55 and 56 Wide Field 
Microscopes a definite stereoscopic effect is obtained. 


Surface irregularities show up prominently when the 
specimen is examined with this microscope. 


This perception of three dimensions is of real value 
in such work as dissecting. The fact that the image 
is right side up and not inverted or reversed adds to 
this instrument's value in dissecting work. 


Other features such as long working distance, over- 
size stage for large specimens, interchangeable objec- 


tives, etc., are fully described in Folder M-35. Write 


No. 55-as illustrated, with horseshoe base. for it today! 
No. 56-the stage and body, base omitted. 


| Branches Products 
- | New York Microscopes 
“| Chicago Microtomes 
| Washington Visual Aids 
Minneapolis Optical- 
Los Angeles easuring- 
San Francisco Instruments 


Well 


AAA AW: carry in 
stock, ready for immediate 
delivery, six different well 
logs printed on either heavy 
ledger paper or government 
post card stock, in depths 
ranging from 3,000 to 6,000 
feet. A Prices and samples 
of these logs sent on request. 


MID-WEST PRINTING CO. 4 bY 
¥ BOX 1465 ¥ TULSA, OKLA. 
PRINTERS OF THE A.A.P.G. BULLETIN 
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Just off the press-- 


Transactions, Petroleum 
Development and 
Technology, 1931 


65 papers 6 chapters 657 pages { 
Unit operation of oil pools; production engineering; 
engineering research; domestic and foreign production ; 
economics; refining summary; the proceedings of the 
| meetings of the Petroleum Division at Tulsa and Los 
Angeles, 1930, and New York, 1931. 


Cloth bound, $5.00 to Non-members | 


Canadian and Foreign Postage $0.40 extra 
Published by the 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS 


29 West 39th Street New York, N. Y. 


The Secretary, A.I.M.E. | 
29 West 39th St., New York, N. Y. { 


Please send me............ copies of Transactions, Petroleum Development and Tech- 
nology, 1931. I enclose my check for $_............ 
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The Geologist’s Time » » 


« « is VALUABLE Time 


When he is wanted, he is wanted in a hurry, 
and if he is not there he is holding up the works. 


SPEED COUNTS! 


The Oil Capital of the World, the home of the A.A.P.G. 
and of the International Petroleum Expo- 
sition, is also one of the world's 


BEST KNOWN AIR CENTERS 


This combination of attractions and advantages makes Tulsa the ideal 
place for the geologist to live and have his offices. 


Write for descriptive literature to 


TULSA CHAMBER OF COMMERCE 


TULSA, OKLAHOMA 
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WILLIAM M. BARRET, Inc. 


Consulting Geophysicists 


Specializing 


Magnetic 


Surveys 


Curtis Building Giddens-Lane Building 


Longview, Texas Shreveport, Louisiana 
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DONALDSON BOGART DOWLING 


This symposium on the stratigraphy of the plains of southern Al- 
berta has been dedicated by the Alberta Society of Petroleum Geologists 
as a memorial to the late Dr. Donaldson Bogart Dowling. 

Dr. Dowling was born on November 5, 1858, in Ontario. He grad- 
uated from McGill University in 1883 with the degree of bachelor of 
applied science, and he received a gold medal for the highest general 
standing in his class. In 1884 he joined the Geological Survey of Canada, 
where he rendered signal service until his death on May 26, 1925. 

In recognition of his ability and the valuable services he had ren- 
dered his country he was given the honorary degree of doctor of science 
by his Alma Mater in 1921. He was elected a fellow of the Royal Society 
of Canada in 1912 and was made vice-president of the Geology Section 
in 1925, a few days prior to his death. In 1918 he was elected president 
of the Canadian Institute of Mining and Metallurgy. His thoughtful 
counsel, as a member of the Geographic Board of Canada, is not the least 
of his achievements. He was a member of the Dominion Power Board, 
which was organized in 1918 to advise the Federal Government on water 
power and water data. From this organization the present Water 
Powers Branch and later the Irrigation Branch of the Department of 
the Interior were created. For many years he served with distinction 
as a member of the Dominion Fuel Board. 

When Dr. Dowling entered the Geological Survey of Canada in 
1884, western Canada was attracting attention through the efforts of 
early explorers and fur traders. The first 15 years of his field experience 
were spent in geological and geographical explorations in the western 
plains and in northern Manitoba and Ontario. Much of the remainder 
of his life was devoted to the geology of the plains area in Alberta, Sas- 
katchewan, and Manitoba, where coal, petroleum, and natural gas are 
the prime mineral resources. He soon became the authority on these 
mineral products not only in the Great Plains but throughout the whole 
of Canada. His publications on the coal resources of Canada are classics 
to-day and his knowledge of coal resources placed him as the leading author 
of a four-volume work entitled “Coal Resources of the World,’ com- 
piled for and issued by the Twelfth International Geological Congress 
in 1913. In this work he included his system of coal classification, which 
ranks favorably with the many others that are widely known to-day. 
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In Alberta Dr. Dowling is probably best known by two masterly 
works, the “‘Cascade Coal Basin,” and the geology of “The Southern 
Plains of Alberta.”” Dowling’s classic work on the southern plains is 
either referred to or reflected in all of the papers in this memorial. It 
can be said without fear of contradiction that Dr. Dowling laid the 
foundation for the study of stratigraphy and structural geology in south- 
ern Alberta. 

No more fitting memorial could be erected to the eminent geologist, 
gentleman, and friend than the dedication of this volume of the results 
obtained by the careful, painstaking, and thorough geologists who have 
contributed and who are continuing the researches so ably established 
by the life work of Dr. Dowling. 

As a result of his geological knowledge of southern Alberta, he dis- 
covered in 1915 an artesian water supply for the great dry belt of that 
region. 

The acquaintance and association of both writers of this note with 
Dr. Dowling dates back to 1906. Both have worked under his guid- 
ance in Alberta. Many incidents are worthy of record if space would 
permit. Among his many outstanding characteristics might be men- 
tioned the fact that he always gave kindly audience to his associates 
and assistants. In all our relations with him we never heard him express 
an unkind remark about anyone. He was most temperate in his con- 
sideration of others and of their opinions, no matter how adverse to his 
own. His genial manner attracted all who knew him. 

Although an energetic worker in his scientific pursuits, he found 
time for the higher and finer things of life, being a lover of music, art, 
and literature, and himself an artist of no mean order. 

Joun A. ALLAN 
S. E. SLIPPER 
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Donaldson Bogart Dowling Memorial Symposium 
on Stratigraphy of Plains of Southern Alberta 


FOREWORD 


The exacting requirements of petroleum geology have of late given 
rise to detailed measurements of surface sections and painstaking studies 
of deep-well and test-hole samples in the plains of southern Alberta. 
These studies have materially added to the knowledge of the stratigraphy 
of this region. It was suggested by B. F. Hake, president during 1930 
of the Alberta Society of Petroleum Geologists, that this knowledge be 
brought together in a symposium on the stratigraphy of the plains of 
southern Alberta. This was done, and the papers comprising it were 
presented at the third annual meeting of this society at Calgary, in 
January, 1931, and at subsequent monthly meetings. This information 
is presented in an attempt better to define and describe the geologic 
formations, both surface and subsurface, and to clarify their nomencla- 
ture and correlation. 

The geologic map which accompanies the symposium is likewise an 
attempt to assemble accurate information in so far as it is now available. 
No claim is made for finality in regard to it, but it is thought to be a 
nearer approach to the truth than anything heretofore published. 

The symposium is offered as a tribute and memorial to the late 
Donaldson Bogart Dowling, in memory and appreciation of his out- 
standing contributions to the geology of southern Alberta. 

Acknowledgment must be made at the outset to the oil companies 
and governmental bodies who have made this symposium possible by 
extending permission to the actual workers to publish the material as- 
sembled by them. 

Few, if any, of the papers appear in the same form in which they 
were originally presented. During the discussions many points were 
criticized in great detail, and agreement was reached on such question- 
able points before the final draft of the papers was made. In view of 
this, the symposium may be regarded as the work of the Alberta Society 
of Petroleum Geologists as a whole, and as carrying the approval of this 
body. Credit is due not only to the authors, but also to the members 
of the Society who contributed to the discussions of the papers. 
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It is exceedingly gratifying to note the striking agreement on many 
stratigraphic details arrived at by different men working quite inde- 
pently of one another. Such agreement adds greatly to the value of the 
data presented in the symposium. 

In addition to verbal discussions which were later incorporated in 
the papers, the symposium has been edited to insure uniformity of 
nomenclature and to harmonize conflicting statements in different 
papers touching on the same problems. 

Editorial Committee, THEoporeE A. Link, chairman 
J. S. Irwin S. E. SLIPPER 
DELMER L. PowERS Rosin WILLIS 
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STRATIGRAPHIC CORRELATION AND NOMENCLATURE IN 
PLAINS OF SOUTHERN ALBERTA' 


J. S. IRWIN? 
Calgary, Alberta 


ABSTRACT 


Correlation of the strata underlying the plains of southern Alberta with the 
better known formations of Montana is attempted. This is offered as justification for 
the nomenclature adopted in the symposium of which this paper is a part. More 
widespread approximate correlations including the greater part of the Rocky Moun- 
tain cordillera and geosyncline from New Mexico and Utah to Alberta are attempted, 
and a simplified nomenclature in accordance therewith is suggested for the plains of 
northern Montana and southern Alberta. 


INTRODUCTION 


This paper is a brief summary of stratigraphic correlation and nomen- 
clature to accompany a group of papers on the stratigraphy of the plains 
of southern Alberta. Its principal purpose is to harmonize the accumu- 
lated stratigraphic data of southern Alberta with those of the adjacent 
areas in Montana which have been studied more closely and for a longer 
period, but it seems to the writer that the opportunity to emphasize 
the probable validity of more widespread correlations and resultant 
simplification of nomenclature may pardonably be embraced at this 
time. If one qualified observer had viewed all the formations within the 
Rocky Mountain cordillera and geosyncline from New Mexico and Utah 
to Alberta and had had all the information that we now have, it seems 
certain that there would have been no such multiplicity of formation 
names as now exists. The formations which are strikingly similar in 
general appearance, lithologic character, and fossil content, from New 
Mexico to Alberta, would conceivably have been given one name each 
and the fact that a lithologic unit varies somewhat in age from place to 
place as inferred from its included fossils, or that an age unit differs 
from one locality to another, in lithology, would have worried such an 
observer little, for he would have realized that very long periods 
of time are required for a strand line to advance many hundreds of miles, 


*Presented before the Alberta Society of Petroleum Geologists, April 18, 1931. 
Manuscript received, May 18, 1931. 


Chief geologist, Parco Oil Company, Ltd. 
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and that continental or littoral conditions may exist in one area while 
elsewhere deep-water conditions prevail. 

In accordance with this broader view and in the interest of simplicity 
and practical utility, the following table of formations is suggested for 
northern Montana and southern Alberta. The formation names used 
are selected on the basis of priority and seeming general acceptability, 
but the actual names used are relatively unimportant as compared with 
the principle involved. Local names for members or for local phases 
could be retained or supplied as found advisable. 


SUCCESSION OF FORMATIONS IN NORTHERN MONTANA AND SOUTHERN ALBERTA 


Adopted in Symposium Proposed Simplification 
St. Mary River and Edmonton formations Lance formation 
Fox Hills sandstone Fox Hills sandstone 
Bearpaw shale ) f Bearpaw shale 
Pale beds and Foremost | 
formation Pierre group 5°|Mesaverde formation 
Pakowki formation | | > |\Claggett formation 
Milk River formation | | |Fagle sandstone 
| 
Colorado shale Colorado shale 
Blackleaf member of Colorado shale —) Dakota group (Lee) 
Blairmore formation 
Ellis formation Sundance formation 
Madison limestone Madison limestone 


It is probable that no such simplification of nomenclature as that 
suggested will be generally adopted, at least without reference to com- 
mittees, but if this paper suggests the possibility and advisability of 
such procedure, it may be of some value. 


DISCUSSION OF FORMATIONS 


The correlation chart (Table I) shows the formations known to be 
present in the plains area of southern Alberta, and their equivalents in 
the adjoining plains of Montana. 

Pre-Cretaceous.—There is little reason for argument concerning 
the nomenclature of the pre-Cretaceous formations. Accordingly, the 
highest Paleozoic limestone, known in southern Alberta only from its 
occurrence in the few deeper bore holes, is named the Madison, and the 
Jurassic beds which lie, so far as known, with slight angular discordance, 
on the eroded surface of the Madison are termed the Ellis formation. 
Fossils indicate that the Ellis is in part equivalent to the Sundance for- 
mation of southern Montana and Wyoming and the Fernie of the Alberta 
foothills. 
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FIG. 1.—Diagrammatic composite section across Montana and southern Alberta, 
in part after Stebinger, U’. S. Geol. Survey Prof. Paper 90 (1927), p. 67. 


Blairmore formation.—Information derived from the records of 
recently drilled wells has led certain contributors to the symposium to 
conclude that, in the southern plains of Alberta, all the strata included 
between the Ellis formation and the Colorado shale are correlative with 
the Blairmore formation of the Alberta foothills. As it is also possible 
that these strata are essentially the same as those which crop out in 
the Great Falls area in Montana and are there designated as Kootenai, 
it is concluded that the name “ Kootenai’ is improperly applied at 
Great Falls. The original correlation of the strata in question at Great 
Falls was made more or less tentatively with the type locality of “ Koo- 
tenay”’ in Canada on the basis of fossil plants. 

The plane of separation between the Upper Cretaceous and Lower 
Cretaceous systems is, on fossil plant evidence, generally regarded as 
being within the Blairmore formation." Here also the evidence of the 
plants seems questionable. The base of the Blairmore formation is 
marked by a conglomerate bed which occurs in a large part of the Al- 
berta foothills province and has now been recognized in deep wells on 
the plains by W. S. Yarwood and P. D. Moore. It seems to the writer 
more reasonable to suppose that the conglomerate marks the advent of 
the Upper Cretaceous (Dakota) sea. If this is true, the Blairmore is 
entirely Upper Cretaceous. 

‘Edward W. Berry with F. H. McLearn and S. S. Buckman, “ Mesozoic Paleon- 


tology of the Blairmore Region, Alberta,” Geol. Survey of Canada Mus. Bull. 58 
(1929), p. 31. 
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The situation is seemingly the same as that described by Lee' in 
Colorado, Wyoming, and Montana. On structural grounds Lee believed 
the widespread conglomerate which lies unconformably on the Morrison 
formation (Lower Cretaceous) from southern Colorado to Lewistown, 
Montana, 


to be the first sedimentary expression. ...of the sea that invaded the interior 
of North America about the middle of the Cretaceous period. 


In other words, as indicated on Plates 1 and 2 of his paper, he believed 
all the sediments from the post-Morrison conglomerate upward, to and 
including the Dakota or Muddy sand (“Upper sand”), to be Upper 
Cretaceous, and these he designated the Dakota group as typified at 
Bellvue, Colorado. Thus Lee correlated the Purgatoire formation of 
southern Colorado, the Cloverly formation of Wyoming, the Lakota 
sandstone and conglomerate of the Black Hills, and the Kootenai forma- 
tion of the Lewistown and Great Falls areas in Montana. As previously 
mentioned, it is very probable that the Kootenai at Great Falls is Blair- 
more and that the Blairmore, together with some part of the overlying 
Blackleaf member, is the equivalent of Lee’s Dakota group, of Upper 
Cretaceous age. It should be stated that 

the U.S. Geological Survey accepts Dakota Group for the section at Bellvue, 


Colorado, only with the understanding that if rocks of Comanche age should 
be found there they are to be excluded from the Dakota group. 


Dakota sandstone—The Dakota sandstone has not heretofore been 
definitely recognized in the plains region of southern Alberta and northern 
Montana. However, it is the opinion of several, including the writer, 
that the lower part of the Blackleaf member of the Colorado shale is the 
lithologic and homotaxic equivalent of the beach sand deposited in the 
encroaching sea which inaugurated the definitely marine condition of 
Upper Cretaceous time. If this interpretation is correct, the lower part 
of the Blackleaf member should be removed from the Colorado shale and 
should be named Dakota sand. References favoring the interpretation 
of the sands in the lower part of the Colorado shale as Dakota sand 
follow. 

Lee’ considers the Muddy sand of the Big Horn Basin, Wyoming, 
and its equivalent in southern Wyoming and Colorado, to be the “ Upper 

‘Willis T. Lee, “‘Correlation of Geologic Formations between East-Central Colo- 


rado, Central Wyoming and Southern Montana,” U.S. Geol. Survey Prof. Paper 149 
(1927), p. 23 and Plates 1 and 2. 


Willis T. Lee, op. cit., p. 23. 
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sand” member of the Dakota group rather than a sand member in the 
lower Colorado (Thermopolis) shale. 
Collier’ states that: 


No marine fossils were found in the lower 400 feet of the section. ..., and the 
great abundance of fossil wood present in places in it led the writer to believe 
that either the upper boundary of the Kootenai should be placed much higher 
in the stratigraphic column, or the lower 400 feet of the Colorado shale is 
equivalent to the Dakota sandstone. Should determinable fossil plants or 
other fossils be found in this part of the section, the problem might be solved. 
The plants might be expected to belong to the Lower Cretaceous flora of the 
Kootenai or the Upper Cretaceous flora of the Dakota. 


Bauer and Robinson? interpret the lower sands of the Blackleaf 
sandy member in northern Montana as the homotaxic equivaient of 
the Dakota sandstone. 

Colorado shale-—‘‘ Colorado shale” as a name for the marine strata 

lying between the Kootenai formation and the Eagle (Milk River) 
sandstone is firmly established in northern Montana and has now been 
adopted in Alberta. The use of the name Benton in Canada for the 
entire shale body between the Blairmore and the Belly River beds is so 
obviously an error that it should be discontinued. An excellent state- 
ment by Stebinger’ to cover this point seems worthy of quotation. 
The use of the name Benton shale for shale overlying the supposed Dakota in 
southern Alberta is also inadvisable, for no evidence afforded either by fossils 
or lithology is important enough to warrant the recognition of the Benton and 
Niobrara divisions of the Colorado. The simple expedient of applying the 
term Colorado shale to strata in northern Montana, which include both Ben- 
ton and Niobrara, has long been in use. 


Later work by Colliert led him to make the following observations. 


The upper 500 feet of the Colorado of the Sweetgrass arch can be definitely 
correlated with the Niobrara formation by the contained fossils, though the 
distinctive light-yellow color characteristic of the Niobrara of Wyoming and 
southeastern Montana is lacking here. Probably the next lower 400 feet can 
be correlated with the Carlile and Frontier formations, and the underlying 
350 feet, containing many fish remains, a few invertebrates, and some shale 


‘Arthur J. Collier, “The Kevin-Sunburst Oil Field and Other Possibilities of Oil 
and Gas in the Sweetgrass Arch, Montana,” U. S. Geol. Survey Bull. 812-B (1929), 
Pp. 70. 

2C. Max Bauer and Ernest Guy Robinson, “Comparative Stratigraphy in Mon- 
tana,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 7, No. 2 (March-April, 1923), pp. 169-71. 


sEugene Stebinger, “Anticlines in the Blackfeet Indian Reservation, Montana,” 
U.S. Geol. Survey Bull. 641 (1916), p. 291. 


4Arthur J. Collier, op. cit., p. 72. 
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resembling Mowry shale, can be correlated with the Mowry and Thermopolis 
shales of Wyoming. The lower part of the beds here included in the Colorado 
shale, in which no fossils other than wood have been found, may possibly be the 
equivalent of the Dakota sandstone. 


Present knowledge is probably insufficient to permit subdivision 
of the Colorado shale in the plains region of Alberta, but later it may be 
possible. It should also be stated that in southern Montana, Wyoming, 
and Colorado, strata of Montana age below the Eagle (Milk River) 
sandstone, or its equivalent, attain considerable thickness. Whenever 
and wherever certain upper parts of the so-called Colorado shale in 
Alberta shall be found to contain fossils which are conclusively diagnostic 
of its Montana age, those parts should either be named Pierre shale or 
given a new name recognizing their Pierre age. 

Milk River formation.—As explained in one of the papers comprising 
this symposium, Stanton in 1905 proved that the Eagle sandstone of 
Montana is continuous and identical with beds which Dowling several 
years later termed the Milk River formation. Under the circumstances 
there was no justification for the introduction of the name “ Milk River,” 
but the usage is so firmly established that it probably would be difficult 
to uproot. 

The lower massive member of the Milk River formation, known as 
the lower Milk River sandstone, is the equivalent of the Virgelle sandstone 
member of the Eagle sandstone on the east side of the Sweetgrass arch 
and of the Virgelle sandstone (a formation) on the west side of the Sweet- 
grass arch. 

The upper Milk River formation is the equivalent of the upper Eagle 
sandstone in Montana, east of the Sweetgrass arch, and of the lower part 
of the Two Medicine formation west of the Sweetgrass arch. 

The Eagle sandstone is believed to be the homotaxic equivalent of 
the Shannon sandstone’ of Wyoming and is similar in stratigraphic po- 
sition to the Hygiene sandstone of Colorado. 

Pakowki formation.—The Pakowki formation, composed of marine 
shales and sandstones, was so named by Dowling in 1915, but 
Stanton and Hatcher had, in 1905, shown that these beds were to be 
correlated with the Claggett formation of Montana. This correlation 
is universally accepted; however, the term “‘Pakowki” seems firmly es- 
tablished in Canada. 

The Pakowki, as a shale, is not recognized on the west side of the 
Sweetgrass arch, south of the International Boundary, although Stanton 


*C, Max Bauer and Ernest Guy Robinson, op. cit., p. 163. 
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recognized a Claggett-Fox Hills marine fauna in the sandstone about 
200 feet above the base of the Two Medicine formation in this area 
which indicates a brief incursion of the marine waters of the Claggett 
(Pakowki) sea. 

Foremost formation. Pale beds.—The Foremost formation and the 
Pale beds are correlative with all but the lower 200 or 300 feet of the 
Two Medicine formation on the west side of the Sweetgrass arch and 
with the Judith River formation on the east side. The Judith River for- 
mation in turn has been traced into Wyoming, where its base is found to 
be identical with the Parkman sandstone, the base of the Mesaverde 
formation in eastern Wyoming.' The Pale beds and the Foremost forma- 
tion are therefore the approximate equivalent of the Mesaverde for- 
mation of Wyoming and Colorado. In the light of present knowledge 
the names, Foremost, Pale beds, and Two Medicine are unnecessary 
and should be eliminated in favor of Judith River. In turn, and for the 
same reason, Judith River might be supplanted by the name Mesaverde. 
The Pale beds and the Foremost formation could be recognized as mem- 
bers. 

The Foremost formation and the Pale beds are difficult of separation 
in many areas and separate mapping is not yet everywhere possible, as 
indicated on the map (Plate 1). For this reason the appropriateness of 
ranking them as distinct formations may be open to question. However, 
in support of their differentiation, it may be said that from earliest times 
observers have noticed a general dissimilarity between the two forma- 
tions, although the exact plane of separation may not be apparent in 
places. The same statement may be applied to these formations as re- 
vealed by drill cuttings. 

Belly River series —The Belly River series as defined by Dawson?’ 
comprises all the strata between his ‘* Lower dark shales” and his “ Pierre 
shales."’ According to Stebinger,’ and, as is now well known to all 
workers in the area, 
the Colorado shale. .. .can be traced directly into an area near the international 
boundary mapped by Dawson as Lower dark shales. The Bearpaw shale can 


be traced with equal facility into the shale mapped by Dawson as Pierre, and 
the Horsethief sandstone into Dawson’s Fox Hills sandstone. 


"K. C. Heald, “Oil-Bearing Horizons of Wyoming,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 5, No. 2 (March-April, 1921), p. 204. 


2G. M. Dawson, “ Report on the Country in the Vicinity of the Bow and Belly 
Rivers,” Geol. Survey of Canada Rept. of Progress for 1882-1884, p. 112-c. 


3Eugene Stebinger, op. cit. 
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It is thus evident that the Belly River series includes all the strata be- 
tween the Colorado shale and the Bearpaw shale, namely, the Milk 
River formation, Pakowki shale, Foremost formation, Pale beds, and 
their Montana equivalents as indicated in the table of formations. 

Williams and Dyer' limit the Belly River series to the continental 
beds lying between the Pakowki and the Bearpaw for the reason that 
Dawson believed the dark shale in Milk River Valley above and below Pakowki 
coulee to be equivalent to the dark Colorado shales exposed on the sides of the 
Sweetgrass hills. 


This shale is now known to be the Pakowki (Claggett) shale, but the 
error does not affect Dawson's original definition of the Belly River 
series as immediately overlying the Lower dark shales (Colorado shale). 
The fact that a wedge of marine shale (Pakowki) fingers in between 
continental beds in a part of the area, likewise can not properly alter 
Dawson’s intention. The practice of Dowling? and Dawson is therefore 
followed and the Belly River series is made to include the Milk River, 
Pakowki, and Foremost formations, and the Pale beds. 

Bearpaw shale—In those western areas of both Alberta and Mon- 
tana where the continental and littoral strata of the Belly River series 
interfinger with marine shales, the highest marine shale body is known as 
the Bearpaw shale. This shale is, with little doubt, the counterpart of 
the Lewis shale of Wyoming. Dawson properly recognized the age of 
the Bearpaw shales when he termed them “Pierre shales.”’ 

Pierre series—The Belly River series and the overlying Bearpaw 
shale constitute all the strata of Pierre age in the region. The continental 
and littoral deposits which lend lithologic diversity to the Pierre series 
in the piedmont and western plains areas become increasingly marine in 
character and decrease in thickness eastward until the entire series be- 
comes a marine shale unit. 

Fox Hills sandstone-—The Fox Hills sandstone marks the final re- 
cession of the Montana sea over the immense area included in southern 
Alberta, the Dakotas, Wyoming, Colorado, and, probably, New Mexico. 
The remarkable extent of this comparatively thin, generally marine 
sandstone stratum, together with its uniform lithologic character and 
fossil content, makes it perhaps the best horizon marker in the Cretaceous 


system. ‘ 


™M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930), p. 16. 


2D. B. Dowling, Geol. Survey of Canada Sum. Rept. (1915), map opp. p. 104. 
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“Fox Hills” is the name of the formation in general use through- 
out the area of its occurrence in both Canada and the United States. 
The name “ Horsethief”’ in northwestern Montana, and possibly “Len- 
nep”’ in central Montana, are local names which now seem unnecessary. 
The Colgate sandstone of southeastern Montana and the Milliken sand- 
stone of the Denver basin in Colorado are locally named members of 
the Fox Hills sandstone in every way similar to the Fox Hills of southern 
Alberta. 

St. Mary River formation.—The St. Mary River formation comprises 
all the continental deposits between the marine and brackish-water Fox 
Hills sandstone below and the fresh-water Willow Creek formation above. 
The name “St. Mary River’”’ is in use in northwestern Montana west of 
the Sweetgrass arch and in southern Alberta south of Little Bow River. 
North of Little Bow River in Alberta, and east of the Sweetgrass arch 
in Montana, the approximately equivalent continental, coal-bearing 
strata which rest with transitional contact on the Fox Hills sandstone, 
or on the Bearpaw shale where the Fox Hills is locally absent, are named 
Edmonton and Lance respectively. Farther south in Wyoming and 
Colorado the essentially equivalent rocks are known as the Laramie for- 
mation or by various local names. “Lance” seems to be a satisfac- 
tory term to apply to these strata throughout their extent. The St. 
Mary River (Lance) formation is the highest formation considered in 
the symposium. 

CONCLUSIONS 


The Rocky Mountain cordillera and geosyncline extending from New 
Mexico and Utah to Alberta are, geographically and geologically, not 
large, vet geologic formations which are, in the light of accumulated evi- 
dence, the same or practically the same, are known at various localities 
by different names. This situation is the natural outcome of the exigen- 
cies of the earlier investigations wherein restricted areas were studied by 
different individuals. The perspective which personal observation of the 
entire area, together with the recorded observations of others, affords, 
seems to require the simplification of regional nomenclature herein sug- 
gested. 

The basis of the long-distance correlations is primarily lithologic; 
no other basis is generally practical. Admittedly the lithologic units 
differ in age from one locality to another by the length of time required 
for the advance or retreat of the strand line across the intervening space, 
but practical considerations require the naming of the tangible rather 
than the intangible. Is it not more useful and scarcely less scientific, 
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for example, to state, if indicated by paleontological evidence, that the 
Fox Hills sandstone of Colorado is older than the same sandstone in 
Alberta, or that the St. Mary River formation west of the Sweetgrass 
arch in Montana and Alberta is, in part, older than its lithologic and 
positional equivalent, the Lance formation east of the arch, but never- 
theless in each case where more than one name is in use, to retain only 
one,—preferably the older? 

The local nomenclature adopted and set forth in Table I is justified 
by correlation of the formations of the plains of Alberta with those of the 
adjoining part of Montana and by the information presented in the 
symposium. 
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PALEOZOIC OF SOUTHERN PLAINS OF ALBERTA' 


P. D. MOORE? 
Turner Valley, Alberta 


ABSTRACT 


Deep drilling in the exploration for oil during the past few years has revealed the 
northern Montana Paleozoic section in the plains of southern Alberta. Records of 
the Paleozoic of the deep wells in the Kevin-Sunburst field, especially the Adams No. 
1, on the Potlatch lease, are compared with those of southern Alberta. Distance from 
exposures and type localities impose difficulties on correlations, because great litho- 
logic changes occur in the intervals. Most notable are those strata assigned to the 
Three Forks, composed mostly of a thick massive anhydrite zone. The thin wide- 
spread sheet of black shale is chosen as the upper member of the Three Forks formation. 


INTRODUCTION 


The purpose of this discussion is to describe the general character- 
istics of the Paleozoic formations underlying the plains of southern Al- 
berta. Data have been obtained entirely from rock cuttings of the 
deeper wells drilled in the area (Fig. 1). The information from all of the 
wells which have been drilled into the Paleozoic has been assembled on 
the accompanying chart (Fig. 2). 

The Paleozoic formations do not crop out at any place in the plains 
of southern Alberta, but there are outcrops of Madison limestone at the 
borders of the intrusive cores of the Sweetgrass Hills in northern Mon- 
tana. A good partial section is exposed on the northeast flank of East 
Butte. 

Although parts of the formations have been revealed as differing 
from well to well, the upper part of the Madison limestone is remarkably 
uniform. 

The upper contact zone of the Madison limestone has been consid- 
ered as the reservoir of the oil in the Kevin-Sunburst field, and, as drill- 
ing was extended into Alberta, it was hoped that these same conditions 
would prevail. To date the results of drilling in the Paleozoic of the 
plains of southern Alberta have been entirely without commercial re- 

‘Presented before the Alberta Society of Petroleum Geologists, April 18, 1931. 


Manuscript received May 18, 1931. Published by permission of O. B. Hopkins, 56 
Church Street, Toronto, Canada. 


2Geologist, Royalite Oil Company, Ltd. 
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ward. Many of the deeper wells have either only touched the top of the 
Madison or drilled into it merely 100 or 200 feet. 


GENERAL STATEMENTS 


As the drilling into the Paleozoic in southern Alberta has revealed a 
little that could be considered new regarding the lithology of the for- 
mations, no new names are proposed. Likewise very little paleontologic J 
information has been found. Hence the discussion is constantly referred 
to the more detailed studies made of these formations where they crop 
out along the rims of the mountain areas and uplifts of Montana and 
northern Wyoming, and to the studies of the drill cuttings from the deep 
wells in the Kevin-Sunburst field. 

The type locality of all the Paleozoic formations of Montana is in 
the vicinity of Three Forks, but toward the International Boundary 
great lithologic changes occur in all formations except the Madison 
limestone. 

In the general region of Montana and Wyoming there are two pro- 
nounced unconformities that must be considered. The first is at the 
base of, or may include parts of, the Pennsylvanian rocks on older for- 
mations, and the other is at the base of the Jurassic on older formations. 
In the restricted area of southern Alberta and adjacent Montana only the 
one unconformity at the base of the Jurassic is present. This hiatus is 
of the first order of magnitude, as middle Mesozoic formations lie on 
middle Paleozoic. Farther north and east this unconformity merges 
with that at the base of the Cretaceous, as shown by Link.* 

The effects and character of the bevelling and its depth in the 
Madison limestone are considered by the writer in this discussion. Farther 
afield from the restricted area of the southern plains, the true nature of 
the magnitude of the pre-Jurassic bevelling of the Paleozoic is more fully 
understood. At the Manitoba escarpment the Lower Cretaceous lies 
on Upper Devonian. At the north, on Clearwater River and on the 
Mackenzie and its tributaries, Cretaceous lies on Upper Devonian.’ 
Northwest of the southern plains on the Rocky Mountain front, and, as 
is known from drilling, in the foothills along their eastern border, the 
Jurassic lies respectively on Mississippian, Pennsylvanian, and Triassic. 

In the discussion of this bevelling of the Madison, northward from 
the International Boundary, reference is made to the results of drilling 

‘Theodore A. Link, “Alberta Syncline, Canada,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 15, No. 5 (May, 1931), pp. 491-507. 


?Theodore .\. Link, personal communication. 
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beneath the Mesozoic mantle, at places beyond the plains of southern 
Alberta, in order more fully to interpret the conditions there. 


MADISON LIMESTONE 


The Madison is almost entirely composed of limestone, and is very 
uniform in character. In the lowest part it is thin-bedded, shaly, and in 
some places contains 20-30 feet of fine-grained, pale gray, limy sandstone. 
This lower clastic phase grades upward into purer limestones, which in 
the upper and greater part are massive, white, and crystalline, with 
some dolomitic and cherty limestones. The upper massive part shows 
practically no bedding and little jointing in the cores which have been 
examined. The thicker chert zones seem widespread, as is shown in 
the columnar sections. The upper 500 feet of the formation is gen- 
erally much more coarsely crystalline and more nearly white. The 
lower part is finer-grained, dense, and of darker color. The whole for- 
mation is generally hard and resistant, and drilling progress in it is 
ordinarily slow. There are many fossil zones; the types commonly 
seen in cores are brachiopods and fenestellid bryozoans. In the bryozoan 
beds the fossils are generally so plentiful that they simulate reef condi- 
tions. Many of these zones are almost pure dolomite and the fossils are 
casts, as shown in Figure 3. The bryozoan beds are, as a rule, only a 
few feet thick. The fauna of the Madison is fully discussed by Girty.' 
In discussing this formation as exposed in the Yellowstone National Park 
and vicinity, Girty concludes that its age is nearly or quite the same as 
the Kinderhook of the typical Mississippi Valley section. 

The only variation from the general white crystalline character of 
the upper part is a red and pink limestone and chert phase that is re- 
vealed in the Imperial-Burdette well No. 1, Roth No. 1, and Drazan 
No. 1, in the vicinity of the city of Medicine Hat. This zone has sharp 
upper and lower contacts and ranges in thickness from 250 feet in Im- 
perial-Burdette No. 1, to 370 feet in Roth No. 1, and to 85 feet in Drazan 
No. 1. Thin phases, ranging from a few to 20 feet in thickness in this 
pink or red zone, are entirely chert. This development, of the otherwise 
white, crystalline massive limestone part of the Madison, is exceed- 
ingly conspicuous in the logs of these wells, and it is strange that it does 
not continue farther than these three adjacent holes. 

It is also noticeable that there is a prominent thinning of the lower 
part of the Madison, which is of darker color, and consists of more im- 


‘George H. Girty, “Geology of the Yellowstone National Park,” U. S. Geol. Sur- 
vey Monogr. 32, Part 11 (1899), pp. 483-96. 
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Fic. 3.—Core of bryozoan limestone taken from Dauntless well No. 1. Depth, 
3,288 feet. Top of Madison, 3,225 feet. Natural size. Scale in inches. 


pure limestones, some of which are clastics, as is shown in the Capitol 
well No. 1-A, and the Commonwealth-Milk River No. 1, where the lowest 
member is pale gray, fine- and uniform-grained, limy sandstone. This 
clastic and more impure limestone phase of the basal Madison gradually 
disappears northward in the line of sections so that in the short space from 
the Commonwealth-Milk River well No. 1 to the Burdette No. 1, pure 
limestones (although dark in color) rest on the datum bed, the black fis- 
sile fossiliferous oil shale, which, in this discussion, is regarded as the top 
of the Three Forks formation. The reason which the writer suggests for 
this arrangement can better be discussed in the section devoted to the 
possible environment of the Three Forks and immediately succeeding 
sedimentation of the lower Madison. 

The Paleozoic log of the Fuego Oils No. 1 is added to the line of 
sections merely to show the undoubted deeper bevelling into the Mad- 
ison limestone north of the area under discussion. The well is located 
about 50 miles north of the Eyremore No. 1, and those wells in the vi- 
cinity of Medicine Hat, including the Sufheld, Drazan, and Roth. In 
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Fuego No. 1, only 65 feet were penetrated beneath the top of the Paleo- 
zoic. All of the formation penetrated was weathered and fossiliferous 
chert, as shown in Figure 4. Well preserved fossils obtained from the 


Fic. 4.—Leached and porous fragments of chert from Fuego well No. r. 
from well by gas. Depth, 3,130 feet. Top of Madison, 3,100 feet. 


{ 
Blown 


cuttings were submitted to P. S. Warren, of the University of Alberta, 
who recognized a Camarotoechia, which he assigns definitely to the lowest 
Mississippian of the Rocky Mountain sections near Banff, Alberta, at 
which place he has made detailed studies of these beds.' 

Although the writer believes he has used discretion in the placement 
of the partial sections of these wells, touching or penetrating only a few 


*P. S. Warren, “Banff Area, Alberta,” Geol. Survey of Canada Mem. 153 (1927). 
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to several hundred feet into the Madison, he is not entirely satisfied with 
the correlations which are, perforce, needed. Further, because the whole 
aspect of the problem of bevelling is compressed into one chart, a cross- 
sectional aspect along various lines is not shown nor is it believed feasible 
with the data at hand. However, due consideration has been given to 
regional structure as much as possible, as a help in interpreting the po- 
sition of partial sections. Therefore it is believed that the logs, as plotted, 
are not greatly in error. 

In the many samples of drill cuttings of Madison limestone which 
the writer has had at his disposal, he has never noticed any anhydrite 
or gypsum, excepting in the core of the Drazan well No. 1. It is believed 
that this occurrence represents the filling of solution cavities and is not of 
primary origin. There are several places in the foothills of central Al- 
berta where it is definitely believed that infiltrating surface waters from 
the outcropping intake have filled porous dolomitic zones. Cores of 
these zones show that cavities, some of considerable size, with irregular 
walls, are completely filled with anhydrite, and that bedding in the anhy- 
drite is not present. This occurrence is decidedly different from those 
zones of anhydrite in the formation here regarded as the Three Forks. 


THREE FORKS 


The Three Forks formation, as well as the Madison, has recently 
been described from the field and drill cuttings by several authors" dis- 
cussing the Kevin-Sunburst field. 

The great difficulty in assignment of beds to any age below the Mad- 
ison, in Kevin as well as in southern Alberta, is that these localities are 
far from the type sections. Unknown and gradual changes occur in this 
interval. However, Collier' reports paleontologic evidence showing 
that the beds below the Madison in the Kevin-Sunburst field are De- 
vonian. 

HIGHEST CONTACT BED OF THREE FORKS 


In the earlier reports on the Kevin-Sunburst field much uncertainty 
existed regarding the exact base of the Madison. Such a view is also 


'W. F. Howell, “Kevin-Sunburst Field, Toole County, Montana,” Structure 
of Typical American Oil Fields, Vol. 2 (Amer. Assoc. Petrol. Geol., 1929), pp. 245-68. 

T. B. Romine, “Oil Fields and Structure of Sweetgrass Arch, Montana,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 13, No. 7 (July, 1929), pp. 779- 

A. J. Collier, “The Kevin-Sunburst Oil Field and Other : Possibilities of Oil and 
Gas in the Sweetgrass Arch, Montana,” U.S. Geol. Survey Bull. 812-B (1929). 


2Op. cit., pp. 63-64. 


) 
4 


PALEOZOIC OF SOUTHERN PLAINS OF ALBERTA 1149 


stated by Collier,’ although he recognized that the lower one-third was 
shaly and should be correlated with the Lodgepole limestone’ of the 
Little Rocky Mountains. 

So far as the writer is aware, Roy Lebkicher’ was the first to recog- 
nize that the black fissile shale (a lean oil shale) 10-50 feet thick, was the 
widespread upper contact bed of the Devonian. Romine‘ did not choose 
this bed as the upper limit of the Devonian, but the fine-grained, pale 
gray, limy sandstone, 30 feet thick, lying above the black fissile shale. 

Perry’ summarizes the reasons for the choice of this black, fissile 
shale as the upper member of the Devonian. The first well to reveal the 
presence of this bed in southern Alberta was Imperial Oil’s Bur- 
dette No. 1, a deep test in the center of the Bow Island gas field. The 
well was drilled by the rotary process and a complete core was obtained 
from this bed. Fossils, chiefly Lingula spatulata, were plentiful through- 
out the core obtained. Collections of this core were submitted to E. M. 
Kindle, of the Geological Survey of Canada, and the foregoing is his de- 
termination. This species is a typical highest Devonian form having an 
almost world-wide distribution. Although the writer has no inflexible 
views or definite data to prove that this bed of petroliferous shale is ac- 
tually the top member of the Devonian, he believes that its choice by 
Lebkicher and Perry is reasonable, as it has been shown to have a wide- 
spread distribution. Lebkicher® reports this bed or zone at several 
localities in northern Montana, from which he has made fossil collections. 
The writer believes that it is this bed which was encountered in the Al- 
berta Pacific’s Duvernay well’ in the drilling of the top part of the Paleo- 
zoic in northern Alberta at depths ranging from 2,230 to 2,280 feet. The 
top of the Paleozoic was here struck at 2,070 feet. P. S. Warren, of 
the University of Alberta, identified Lingula spatulata from this bed in 
core samples from this well. 


Op. cit., p. 64. 


2A. J. Collier and S. H. Cathcart, “ Possibility of Finding Oil in Laccolithic Domes 
South of the Little Rocky Mountains, Montana,” U.S. Geol. Survey Bull. 736 (1923), 
Pp. 173. 


3Geologist, The California Company, personal communications. 
40p. cil., Dp. 790. 


SE. S. Perry, “‘The Kevin-Sunburst and other Oil and Gas Fields of the Sweet- 
grass Arch,” Montana State Bur. of Mines and Metallurgy Mem. 1 (1928), pp. 5-6. 


6Personal communications. 


7Location of this well: north bank of Saskatchewan River, Sec. 34, T. 55, R. 12, W. 
of 4th Mer., Alberta. 
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Except the Burdette No. 1 and Fuego No. 1, all wells shown on the 
chart (Fig. 2) were drilled with cable tools, and, as the rock cuttings are 
fine, no fossils were observed. In the complete suites of samples of rock 
cuttings which are available from the wells shown on the chart (Fig. 2), 
the writer can not too strongly emphasize the conspicuousness and the 
almost lithological identity of this black, fissile shale. It is, therefore, 
believed that it furnishes a reliable datum in the consideration of the 
upper Paleozoic of the area. There is, therefore, good evidence that an 
unconformity, or perhaps a disconformity, exists at the base of the 
Madison. The great lithological similarity of the black shale to 
the Chattanooga or New Albany shale of the central Mississippi Valley 
region, together with the paleontologic data at hand, suggests equiva- 
lency or near equivalency in age. The writer is fully aware, in assigning 
an Upper Devonian age to this bed, that the age (whether Devonian or 
Mississippian) of the Chattanooga shale, and its supposed homotaxial 
equivalents throughout the Mississippi Valley region, is and has been 
very much in dispute. 

The black shale appears prominently in all the logs of five deeper 
wells in southern Alberta. These are spaced apart, as shown on the lo- 
cation plan (Fig. 1), from the International Boundary for more than 100 
miles northward. Beneath the black shale in the Adams well No. 1 
(Potlatch lease in the Kevin-Sunburst field), there occurs about 300 feet 
of very pure, massive, compact, pale gray anhydrite. The Erickson 
Coulee well No. 1 penetrated only 30 feet into what seems to be this 
massive zone of anhydrite beneath the black shale. However, the beds 
immediately beneath the black shale and above the anhydrite are gray 
and green shale with stringers of anhydrite, with one thin bed of pale 
gray, fine-grained, limy sandstone which is typical of this zone in other 
logs. Curiously, the farthest north well log shown on the section, the 
Eyremore No. 1, is in a general way almost a duplicate of the Adams 
No. 1 log. However, immediately beneath the black shale are 20 feet 
of hard, dense, gray limestone. This lies on a massive 310-foot zone of 
pure, pale gray anhydrite. Immediately overlying the black shale is 
15 feet of hard, dense, gray limestone which is very glauconitic, the grains 
of glauconite being one millimeter and less in diameter. This is another 
item bearing on the placement of an unconformity at the top of the black 
shale and also the systemic boundary at that point. Goldman’s' oft- 
cited study of the occurrence of glauconite supports this view. 


'M. I. Goldman, U. S. Geol. Survey Prof. Paper 129 (1921), pp. 1-22; “Basal 
Glauconite and Phosphate Beds,” Science, New Ser., Vol. 56 (1922), pp. 171-73. 
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POTLATCH ANHYDRITE (THREE FORKS ?) 


As there is no evidence to show that the black shale should be sep- 
arated from the Three Forks, it is here regarded as the top member of 
this division, which Perry' has named the “Potlatch anhydrite.” 

As stated previously, the logs farthest apart are practically duplicates 
below the black shale. The three intervening deeper holes, the Common- 
wealth-Milk River No. 1, Burdette No. 1, and Roth No. 1, reveal the 
true nature of the manner of deposition of these thick lenses of anhy- 
drite. The Commonwealth log is especially noteworthy, as only five thin 
zones of anhydrite occur throughout the thickness penetrated. The 
thickest of these is about 8 feet, the others ranging from 2 to 5 feet. 
Only about 40 feet of anhydrite was penetrated in Burdette No. 1. This 
was a pure zone, as analysis of cores at the University of Alberta showed 
99 per cent calcium sulphate. The Burdette well No. 1 and Roth No. 1 
showed only pale gray, fine-grained, limy sandstones and gray and 
greenish, limy, splintery shales in the position of the anhydrite zone of 
the other two wells. The Commonwealth log showed this zone to be 
massive, predominantly buff and some gray, finely crystalline, very 
dolomitic limestone or almost pure dolomite down to the last anhydrite 
zone. Very detailed samples were obtained from this well. 

Therefore, if Three Forks time is entirely represented by the Pot- 
latch anhydrite deposition to and including the overlying black shale, 
it is extremely difficult to choose the boundary in the Commonwealth 
well. The writer offers the suggestion shown on the chart. 

Regarding the age and stratigraphic position of the Potlatch an- 
hydrite, Perry? states that 
the presence of anhydrite and gypsum at the same geological horizon is re- 
ported from a drill hole close to the town of Agawam, Montana, 50 miles south- 
west of the Kevin field. This indicates that the formation is quite extensive. 
However, such a formation of anhydrite and gypsum below the Madison limestone 
has not been found in a similar stratigraphic position elsewhere in Montana, and 
it seems probable that its presence is confined to the area of the Sweetgrass arch. 


Search has been made for the formation south of Great Falls, where rocks below the 
Mississippian formation are found at the surface. (Italics are the writer’s.) 


Therefore, although this formation may prove still more widespread 
than already demonstrated, deposition seems to have been in isolated 
embayments or arms of a bittern sea, evidently with low bordering land. 
Down-warping of the region, with consequent freshening or dilution of 


‘Op. cit., p. 6. 
2Idem. 
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the anhydrite depositing seas, tlushed well-weathered soils into the basin. 
In this manner the widespread thin sheet of black shale which ends De- 
vonian time may have been deposited. 

The writer can not agree with the suggestion of Collier’ that this 
anhydrite zone is a product of alteration of limestone. Regarding the 
age of the anhydrite formation, Perry? suggests that it seems best to 
“classify. ..[it as] about equivalent to the Jefferson formation.” Ro- 
mine,’ however, following Lebkicher, places it definitely in the Three 
Forks. The writer favors the latter opinion. 


JEFFERSON FORMATION 


Unless drilling in northern Montana has furnished paleontologic 
data bearing on differentiation of the Jefferson from the underlying 
formations in the Adams well No. 1, the writer believes that such a 
limitation of the Jefferson must necessarily rest on general characteristics 
of that formation farther afield. Roy Lebkicher, in a letter‘ to the writer, 
gives the following description of the Jefferson in the type locality near 
Three Forks, Montana. 

The Jefferson is there about 500 feet thick and consists of smoky, or choc- 
olate-brown, granular dolomite, much of it having a peculiar brecciated ap- 
pearance and weathering with a rough, pitted gritty surface. The beds of the 
characteristic rock are separated by thin beds of lighter-colored, denser lime- 
stone or shaly limestone, giving the formation the appearance of heavy masonry. 
On fresh fracture, the rock has a glistening appearance, in some instances 
resinous; and it is further distinguished by a strong, peculiar, fetid odor which 
it emits when struck with a hammer. The Jefferson maintains a fairly uniform 
thickness of about 500 feet in the western part of the state, but it thins out to 
the east and disappears to the southwest in Wyoming. 


About 500 feet of dolomitic limestones below the anhydrite zone in 
the Adams No. 1 log are considered by Lebkicher and Romine to be 
typically Jefferson. Descriptive logs of Adams No. 1 by Lebkicher and 
John G. Bartram substantiate the foregoing description of the Jefferson. 

In the Commonwealth-Milk River log, all beds below the highest 
anhydrite down to the basal anhydrite zone, correspond exceedingly 
closely with the foregoing description, and the writer can suggest no better 


‘Op. cil. 
20p. cit., p. 6. 
30>. cit., pp. 790-91. 


4Personal communication, November 18, 1928. 


SGeologist, the Midwest Refining Company, Denver, Colorado. Personal com- 
munication. 
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correlation than this, which indicates that these strata are all Jefferson. 
The same is true of all beds below the anhydrite zone in the Eyremore 
No. 1 log. 

The Jefferson contains a small but distinctive fauna which has been 
discussed by E. M. Kindle." 

The few thin anhydrite zones shown in the Commonwealth log may 
be of primary origin, but there is a strong possibility that they are dolo- 
mitic cavities filled by circulating water. A heavy flow of a very concen- 
trated brine was struck in the Eyremore well in a porous dolomite 50 feet 
from the top of this formation, or 1,158 feet below the top of the Madison. 


PRE-JEFFERSON STRATA 


In southern Alberta only the Commonwealth well No. 1 has pene- 
trated beds that are possibly older than Jefferson. These are about 180 
feet of strata that lie below the basal anhydrite zone. It is noteworthy 
that they are pure limestones, buff and buff-brown in color, crystalline, 
but not dolomitic. This zone is very uniform in character. 

Romine,’ quoting Lebkicher regarding the Adams No. 1 log, states 
that the lower 1,400 feet of strata below those beds assigned to the Jef- 
ferson are believed to be Middle or Lower Cambrian, and it is this 
correlation which the writer has chosen in preparing the chart. This 
assignment of age is based on the fact that the Ordovician, which is 
represented by the Bighorn dolomite of the Big Horn Mountains of 
Wyoming, is not known to extend westward beyond a north-south line 
crossing the central part of Montana. 

The igneous rocks reported from the bottom of the Adams well 
No. 1 are questioned by Bartram, who states his belief that they are 
probably surface boulders placed in the well to straighten the hole. 
This is further substantiated by Perry,‘ who states that 
thin-sections of the cuttings... .show great alteration, the iron materials being 


altered to limonite, and the feldspars having lost their original character, being 
mainly calcite and kaolin. 


Bartram, however, states the alternative view, that the granitic 
rocks are not the basement rock, but it is his opinion that the formations 


'E. M. Kindle, ‘The Fauna of the Jefferson Limestone in the Northern Rocky 
Mountain Region,” Bull. Amer. Paleontologist, Vol. 4, No. 20 (1908). 


2Op. cit. 


3Personal communication. 


4Op. cit., p. 7. 
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in the lower part of the Adams well No. 1 have been metamorphosed and 
the granitic rock has been intruded. Thus he regards the Kevin-Sun- 
burst anticline as possibly a large and very low laccolith. The great 
irregularities of structure on this anticline might thus be due to the ir- 
regularities of the intrusion. 

REGIONAL STRUCTURE 

By far the most prominent structural feature in the plains of south- 
ern Alberta is the northward-plunging Sweetgrass arch. Many minor 
irregularities exist on, and at the borders of, this great regional fold. 
The dip ranges from a few feet on top of the fold to as much as perhaps 
200 feet per mile at its western flank. 

Contrary, however, to the plunge of the Sweetgrass arch, the mem- 
bers of the Paleozoic formations rise northward with their bevelled edges 
at the pre-Jurassic unconformity." This is shown on the accompanying 
chart. The thickness of the Madison in Adams No. 1 is about 1,100 
feet, and is only 450-570 feet in the northwesternmost wells. There is 
also a pronounced removal from the top of the Sweetgrass arch of upper 
Madison beds that are present on the flanks. This indicates that the 
Sweetgrass arch was a prominent feature even in pre-Jurassic time. In- 
dividual lines of sections east and west, and north and south, show this 
aspect much better than the composite chart. Well toward the western 
flank of the arch, as it merges into the downwarped area of the Alberta 
syncline, several hundred feet of beds of upper Madison are present that 
have been removed from the top of the arch. 

Farther north, beyond the influence of the Sweetgrass arch, but 
higher on the eastern flank of the Alberta syncline, because of its strike 
northwestward, the datum or top bed of the Devonian becomes the top 
of the Paleozoic, as previously mentioned in connection with the Al- 
berta Pacific Consolidated’s Duvernay well No. 1. 


CONCLUSION 


Within the limited area of the plains of southern Alberta, the Paleo- 
zoic formations are predominantly limestone, and would be expected to 
have the least change in character from place to place. However, deep 
drilling during the past few years has shown that many of the formations 
have marked differences in lithology. Exceptions to this are the strata 
assigned to the Jefferson dolomite of Middle Devonian age, and, to a 
less extent, the upper part of the Madison limestone. 


*Theodore A. Link, “‘ Alberta Syncline, Canada,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 15, No. 5 (May, 1931), pp. 491-507. 
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The strata assigned to the Cambrian are remarkably similar to 
those of the Jefferson, being limestones or dolomitic limestones. Clear 
water, free from clastics, characterizes this great period of limestone 
deposition, which is succeeded by shoaling conditions to the extent of 
isolation of small embayments, wherein the Three Forks sediments of 
Upper Devonian age were laid down as thick beds of anhydrite. The 
bordering lands were evidently wide, peneplaned surfaces with a mantle 
of soil. The Shickshockian revolution, so well understood in eastern 
America and the Maritime provinces of Canada, has perhaps a faint re- 
flection in the northwestern states and the bordering provinces of Canada. 
The writer can not imagine the sequence of events better than that there 
were low lands bordering the anhydrite-depositing seas of Three Forks 
age. This environment ended with a relatively rapid downwarping of 
the sea and upwarping of the surrounding land areas, causing soils of the 
land to be flushed into the basin as a widespread thin sheet of black shale. 

The seas were deepened by continued downwarping when pure lime- 
stone deposition prevailed. This condition was evidently accomplished 
earlier in central Alberta than in the south and in northern Montana. 
There the lower part of the Madison is shaly and sandstones also were 
deposited. The thick, massive, pure, white, upper Madison limestone 
represents one of the greatest expanses of the Mississippian epiconti- 
nental seas. 

The record of the remainder of the Paleozoic is lost, for if deposits 
younger than the Madison were laid down in the plains of southern Al- 
berta they were removed by pre-Jurassic erosion. The Front Range of 
the Rockies forms a picturesque sight from any point of the western 
border of that part of the plains of southern Alberta discussed in this 
paper. The stratigraphic sections exposed on the eastern mountain es- 
carpments contain representatives of all succeeding periods from the 
Madison far up into the Cretaceous. 

The great drama of events of the Mesozoic which occurred in the 
plains of southern Alberta and northern Montana is comparable with the 
sequence of events during the lower Upper Paleozoic. 
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AN ELLIS (UPPER JURASSIC) SECTION AT EAST BUTTE, 
SWEETGRASS HILLS, MONTANA’ 


JAMES O. G. SANDERSON? 
Calgary, Alberta 


ABSTRACT 


The nearest exposure to the plains of southern Alberta of the marine Jurassic 
Ellis formation is in the Sweetgrass Hills, a few miles south of the Alberta~-Montana 
boundary. Here it is a dark shale series containing medium-grained sandstone beds, 
a limestone zone, some notably fossiliferous strata, and oil showings near the base. 
The formation is 306 feet thick at this locality. 


INTRODUCTION® 


The Ellis (Jurassic) is one of the most important formations of the 
plains area in relation to the oil industry, as it is both a source and 
a reservoir of oil. For this reason it is desirable that as complete a 
description of the Ellis as possible be included in a discussion of the 
stratigraphy of the plains of southern Alberta. The Ellis does not crop 
out in this area, although Jurassic deposits are well known in the foot- 
hills and mountains bordering the plains on the west, which are generally 
known as the Fernie shale. The sediments in that region are approx- 
imately of the same age as the Ellis but are somewhat different 
lithologically, and are much thicker. On the plains of southern 
Alberta and northern Montana, the Ellis is known from well samples,‘ 
but the only outcrops of the formation within this region occur in the 
Sweetgrass Hills, a few miles south of the International Boundary. A 

"Presented before the Alberta Society of Petroleum Geologists at the Calgary 


meeting, January 16, 1931. Manuscript received, May 18, 1931. Published by per- 
mission of O. B. Hopkins, chief geologist, Imperial Oil., Ltd., Toronto, Ontario. 


2Geologist, Imperial Oil, Ltd. 


sAcknowledgment is due to C. E. Erdmann of the United States Geological Sur- 
vey, Denver, Colorado, who carefully criticized the manuscript of this paper. 


4T. B. Romine, “Oil Fields and Structure of the Sweetgrass Arch, Montana,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 7 (July, 1929), p. 780. 

A. J. Collier, “‘The Kevin- “Sunburst Oil Field and Other Possibilities of Oil and 
Gas in the Sweetgrass Arch, Montana,” U. S. Geol. Survey Bull. 812-B (1929), pp. 
67-69. 
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Fic. 1.—Columnar section of Ellis formation at East Butte, Sweetgrass Hills, 
Montana. 
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description of a complete section of the Ellis (Fig. 1), as exposed at this 
locality, follows. 


DESCRIPTION OF STRATIGRAPHIC SECTION 


The exposure described here is a result of the Sweetgrass Hills 
igneous uplift, and subsequent erosion. Rocks as old as the upper 
Paleozoic are exposed on the flanks of these intrusive masses. Because 
of igneous effects, there are few places where unbroken and unmeta- 
morphosed sections of the lower formations can be found. One such 
locality, affording a full section of the Ellis, has long been known. It 
was visited and cursorily examined by S. E. Slipper’ in 1915. This 
section was measured and studied by the writer during the latter part 
of October, 1930. It is the only complete, unmetamorphosed Ellis 
section thus far discovered? in the Sweetgrass Hills. 

The section is exposed on the south side of Sage Creek in Sec. 8, 
T. 36 N., R. 5 E., Montana, about 7 miles south of the International 
Boundary (Fig. 2). The significant features are its wholly marine aspect, 
a preponderance of dark shale, the content of limestone and quartzose 
sandstone, and a profusion of organic remains which occur in the limy 
and sandy beds. The basal stratum of the Ellis, as shown in Figure 1, 
is a sandstone 30 feet thick. This sandstone differs in thickness’ and in 
places is absent. The Ellis overlies Madison limestone disconformably. 
At the top of the section there is no clear evidence of unconformity. 
Dark calcareous shales, and black, brown-weathering shales pass up- 
ward into the dark greenish gray to varicolored shales of the overlying 
Cretaceous. However, unconformable relations would, no doubt, be 
disclosed in a regional study of the formation. 

The possibilities of Ellis sandstone as reservoir beds are apparent 
at the base of the section, where two thick, relatively coarse-grained, 
quartzose sandstones are present. Perhaps the most interesting stratum 
in the section is a 1-foot layer of sandstone 63 feet above the base. This 
bed is dark brown to black, the coloration being caused by a residue of 
petroleum coating the sand grains. A strong odor of oil is noticeable 
when the rock is broken. The presence of black shales containing plen- 
tiful crystalline, syngenetic pyrite is a noteworthy feature. In outcrop 
the Ellis is quite different from the overlying Cretaceous. 


'D. B. Dowling, “‘The Southern Plains of Alberta,” Geol. Survey of Canada Mem. 
93 (1917), P- 65. 


2C, E. Erdmann, personal communication, November, 1930. 
3Idem. 
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A relatively complete collection of the fossils has been made, but 
has not been systematically studied. The identifications used to indi- 
cate the fossil zones on the graphic section (Fig. 1) were made in the field 
and are subject to correction. The form Gryphaea predominates in the 


Fic. 2.—Black basal Ellis limestone overlain by sandstone, as exposed along 
Sage Creek, Montana. Sec. 8, T. 36 N., R. 5 E. (Photograph by Leo G. Hertlein.) 


fauna of about 200 feet of the central part of the formation. The black 
limestone zone near the base of the section is not very fossiliferous, with 
the exception of one 4-foot bed which contains a rich fauna. A descrip- 
tion of the beds is presented graphically in Figure 1. 
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STRATIGRAPHY OF RED COULEE OIL FIELD* 


W. S. YARWOOD? 
Calgary, Alberta 


ABSTRACT 


The Red Coulee oil field is located adjacent to the International Boundary, 5 
miles west of Coutts, Alberta, and was discovered in September, 1929. The surface 
drift is underlain by Milk River or Virgelle sandstone. Subsurface formations are 
the marine Colorado shale, the Blairmore, the Ellis, and the Madison. Markers in 
these are described and the producing sands of the lower Blairmore are named and 
zoned. 


INTRODUCTION 
ACKNOWLEDGMENTS 


The writer takes pleasure in expressing his appreciation to his 
former associates, T. B. Williams and H. E. Munson, for their collabora- 
tion in the field and for their numerous contributions to this paper. The 
accompanying north-south cross section (Fig. 4) has been prepared by 
Munson from well samples collected during the summer of 1930. 

Theodore A. Link contributed the measured section of the Milk 
River sandstone. 

LOCATION 


The Red Coulee field is located north and south of the International 
Boundary in the province of Alberta and the state of Montana. In 
Alberta the producing area lies, at present, within sections 3 and 4, T. 1, 
R. 16, W. of 4th Mer., and in Montana within sections 1, 2, 11 and 12, 
T. 37 N., R. 4 W. 

HISTORICAL SKETCH 


The Red Coulee oil field was brought in during September, 1929.3 
The discovery well was Vanalta No. 1, and the productive horizon is 
accordingly known as the “Vanalta sand.’’ A deeper horizon, discov- 

‘Read before the Alberta Society of Petroleum Geologists, January 16, 1931. Man- 


uscript received, May 18, 1931. Published by permission of Alberta Pacific Consoli- 
dated Oils, Ltd., Calgary, Alberta. 


2Geologist, Alberta Pacific Consolidated Oils, Ltd. 


3The surface expression of Red Coulee “nose” was first recognized and mapped 
by Theodore A. Link in 1922. 
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Fic. 1.—Index map of Red Coulee oil field. Wells are numbered as follows. 


1. Capitol No. 1 

2. Celtic No. 1 

3. Dixie No. 1 

4. Devonshire No. 1 

5. Commonwealth No. 1 

6. Southern Alberta Exploration No. 1 
7. Southern Alberta Exploration No. 2 
8. Taylor Syndicate No. 1 

9. Vanalta No. 2 
10. Vanalta No. 1 

it. Alberta Pacific Consolidated No. 1 
12. Midcontinent Farbo No. 1 

13. Midcontinent Farbo No. 2 

14. Ohio M. Farbo No. 1 

15. Midcontinent Farbo No. 3 

16. Inland Farbo No. 1 

17. Inland Farbo No. 2 

18. Rice Radigan Farbo No. 1 

19. Rice Radigan Farbo No. 2 
20. Monalta Buckley No. 3 


21. 


Ohio Farbo No. 1 

Monalta Buckley No. 2 
Hannah Porter Iowa No. 1 
Hannah Porter lowa No. 2 
Singleton Buckley No. 1 
Huso Thomas Farbo No. 1 
Monalta Buckley No. 1 
Adanac Buckley No. 1 
Amego Buckley No. 1 
Dakota-Montana McAfee No. 1 
Askalta Volbrecht No. 1 
Cosmos Iowa No. 1 
Cosmos Iowa No. 2 

Ohio Farbo No. 2 

Nellie J. Farbo No. 1 
Holgar No. 1 

Kotop No. 1 and No. 1A 
Imperial No. 1 

Dalco No. 1 
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ered in the Iowa Trust Cosmos No. 1, is known as the “Cosmos sand.” 
The Imperial Oil Company drilled a dry hole on the same structure in 
1922. This well failed to find porosity in the productive zone. 

By October, 1930, there were eighteen producing wells and eight 
dry holes, with thirteen drilling or suspended. The average daily pro- 
duction of the field in January, 1931, was 550 barrels of crude oil of about 
33° Bé. gravity. 

STRATIGRAPHY 


The rocks exposed along coulees in the vicinity of the Red Coulee 
district are of the upper and lower Milk River sandstone (Figs. 2 and 
3). The latter is equivalent to the Virgelle. Below the surface, 
rocks deposited during the Upper Cretaceous (Colorado), Lower Cre- 
taceous (Kootenai), Jurassic (Ellis), and Mississippian (Madison) are 
known to occur. 

Milk River sandstone.—Theodore A. Link? has kindly furnished the 
following brief description of the Milk River sandstone in this area. 

This sandstone is gray to buff, coarse-grained, highly cross-bedded and 
massive, becoming more flaggy toward the base. Ironstone concretions are 
fairly numerous in the upper half. In places this sandstone is composed of two 


distinct massive beds separated by shale seams. In Buckley’s Coulee just 
south of the Boundary line, the following section was obtained. 


Upper Milk River (Upper Eagle) 


Pure white, cross-bedded soft sandstone.................... 60 feet 
Lower Milk River (Virgelle sandstone) 
Hard, brown layer of sandstone, becoming shaly............15 feet 
Dirty white, ironstained massive sandstone. Ironstone concre- 
tions becoming softer and shaly toward bottom......... 95 feet 
White, massive, soft sandstone, ironstained bed at top, becom- 
ing more flaggy at base (base not exposed).............60 feet 


Colorado shale-—The marine shales of the Colorado group have an 
average thickness of 1,745 feet, but the thickness ranges from a min- 
imum of 1,720 to a maximum of 1,800 feet. The shales are gray-black, 
compact, and fissile, and contain traces of aragonite, bentonite, pyrite, 
and ironstone. A few fossils have been noticed in certain zones, but 


"E. Stebinger, “Possibilities of Oil and Gas in North Central Montana,” U. S. 
Geol. Survey Bull. 641C. 


Eugene S. Perry, “The Kevin-Sunburst and Other Oil and Gas Fields of the 
Sweetgrass Arch,” Montana State Bur. Mines and Geology Mem. 1 (1928). 


?Personal communication. 
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very few can be identified. However, two forms, Inoceramus and Bacu- 
lites, have been recognized. Such marker beds as are of importance are 
described later and their position is given with reference to either the 
top or bottom of the formation. (See Table of Stratigraphy.) 


Fic. 2.—Lower Milk River (Virgelle) sandstone escarpment near Buckley 
Coulee, Montana. (Photograph by Theodore A. Link.) 


Fic. 3.—Top of Lower Milk River sandstone as exposed along north bank of Red 
Coulee. T. 1, R. 16, W. of 4th Mer. (Photograph by Theodore A. Link.) 


| 
! 


STRATIGRAPHY OF RED COULEE OIL FIELD 1165 


The upper 350 feet of the Colorado section consists of shale, although 
several non-continuous sandstone lenses are present. Bentonitic zones 
and ironstone bands are present, but these likewise are not persistent. 
The section from 350 to 400 feet has a bentonite bed which is fairly 
continuous and can be correlated between wells on the Canadian side 
of the Red Coulee field. This bed may also occur in Montana, but 
Colorado shale samples have not been systematically collected from 


TABLE I 


| Thickness | Depth Below | 


Description of Marker Beds 


in Feet Surface 
GLACIAL | 100 | 0-100. ~=—- | Sand and gravel of glacial origin 
MILK | 100 100-200 Sandstone, gray, limy, mainly lower Milk 
| | istone,_ y 
RIVER River (Virgelle) 
SANDSTONE | 
350 | 200-550 |Shale, gray-black with minor sandstone beds 
and traces of bentonite and ironstone 
| 50 | 550-600 [Shale as above with persistent bentonite in 
| # | minor amount 
@ | | 
| 2 | 100 | 600-700 |Shale with minor sandstone lenses, bentonite 
a layers, and ironstone bands 
| 
| 200 7oo-g00 (Shale, gray-black with traces of calcite 
| @ 280 | goo-1,180 |Shale with minor sandstone, bentonite, and 
| | ironstone 
| Bl 
2 | 5 | | 
gs | 40 | 1,180-1,220 |Shale, gray-black, and sandstone, gray, in 
| y 
: | about equal amount 
z 50 | 1,220-1,270 |Shale with persistent bentonite in minor amount 
3 | 125 1,270-1,395 |Shale with lesser sandstone. Top of Blackleaf 
member 
a 50 1,395-1,445 |Sandstone, gray, containing fish-scales. Equiv- 
= alent to Mowry 
= 
| 200 1,445-1,645 |Shale zone 
40 1,645-1,685 |Sandstone, gray, glauconitic 
| 
g 150 1,685-1,835 |Shale zone 
! 
a 30 | 1,835-1,865 |Sandstone, gray, water-bearing, known as 1,800- 
| | foot water sand 
80 1,865-1,945 |Shale and sandstone sections 
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TABLE I—Continued 


GENERALIZED TABLE OF STRATIGRAPHY FOR RED COULEE O1L FIELD 


Thickness | Depth Below 


Description of Marker Beds 


in Feet Surface 
ain 10 1,045-1,055 ‘Red bed, but with green shale interspersed 
7 227 | 1,955-2,182 Shales, variegated, with lenses of gray sand- 
stone 
20 9,182-2,208 ‘Red bed 
88 2,202-2,290 Shales, variegated, and sandstone lenses 
20 | 2,290-2,310 ‘Red bed 
: 65 | 2,310-2,375 ‘Shales, variegated, and sandstone lenses 
40 | 2,375-2,415 Gas sand 
30 2,415-2,445 Red bed 
35 2,445-2,480 Shale, green 
7° | 2,480-2,550 ‘Vanalta sand 
60 2,550-2,610 Shales, greenish gray, calcareous 
‘Unconformity 


MApIsoNn 2 2,610 Limestone, buff, crystalline 


those wells. Between 400 and 500 feet from the top the section similarly 
consists of shale with sandstone lenses, bentonite layers, and ironstone 
bands. From 500 to 700 feet a massive white calcite is associated with 
the shales, but, as it does not seem to be confined within any part of this 
interval, it is not regarded as an important correlation marker. Between 
7oo and g8o feet the section contains gray-black shale with a few dis- 
continuous sand lenses, bentonite beds, and ironstone bands. A sand- 
stone occurs between 980 and 1,020 feet, which in turn overlies a 50-foot 
shale bed containing many thin beds of bentonite. Below this the basal 
670 feet of the Colorado shale contains sandstone lenses in contrast 
to the section above. This thick sandy member occupies the same 
position in the section as the Blackleaf in the Kevin-Sunburst field of 
Montana. A grit bed, containing petrified fish scales and having a 
thickness of 50 feet, occurs abut 550 feet above the base of the Colorado. 
In the Southern Alberta Exploration’s No. 1, Commonwealth Petroleum’s 
No. 1, and Devonshire No. 1, water occurred in this grit, but it has not 
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been observed elsewhere in the field. The Capitol well No. 1 reported 
a showing of gas in the same zone. The position of this bed corresponds 
roughly with that of the Mowry shale in the Kevin-Sunburst area. A 
fairly persistent bed of glauconitic sandstone, having a thickness of 40 
feet, is present at approximately 300 feet above the top of the Blairmore 
formation. This zone is not reliable as a correlative horizon because its 
position in the section is variable. The most persistent and reliable 
marker in the Colorado section is a water-bearing sandstone which has 
an average thickness of 30 feet. The top of this sand occurs about 110 
feet above the Colorado-Blairmore contact. In many places, the sand 
contains chert pebbles, and, with a very few exceptions, is water-bearing. 
It is known in the field as the 1,800-foot water sand. The basal section 
of 80 feet, below the water sand, contains much sandstone in addition 
to the shale, but no conspicuous and persistent beds have been noted. 

Blairmore formation.'—The Blairmore is represented by an average 
thickness of 595 feet of variegated shales and gray sandstones. The 
top occurs, on an average, at a depth of 1,945 feet below the surface. 
The contact between it and the overlying Colorado is generally recog- 
nized by a change from gray-black to gray-green or red shale. In some 
wells the top of the Blairmore is represented by a sandstone which is not 
essentially different from the basal member of the Colorado. In these 
wells the contact can be inferred by correlating the well with reference 
to other markers. 

From the top of the Blairmore down through an average thickness 
of 430 feet, the sediments consist of variegated shales and sandstone 
lenses. As the sands range in thickness from a few feet to more than 
too feet and are not continuous, they are of no value for correlation. 
The lensing nature of these sands is illustrated by the accompanying 
section (Fig. 4) compiled by H. E. Munson. The shales within this part 
of the section consist mainly of gray-green and dark gray material, but 
there are also several noteworthy red beds which are essentially red 
shales, many of them bentonitic. The first of these occurs in places as 
high in the section as the top of the Blairmore, but is not persistent. The 
second red bed, in like manner, is not persistent, and where it does 
appear the interval between it and the top of the Blairmore is not uni- 
form. This marker occurs at an average depth of 237 feet below the top 

‘The formational name Blairmore, as here used, refers to the part of the Cretaceous 
lying above the Ellis formation and below the Colorado shale. These beds are the 
stratigraphic equivalent of the Kootenai formation in Montana. (See T. B. Romine, 


“Oil Fields and Structure of Sweetgrass Arch, Montana,”’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 13, No. 7 (July, 1929), p. 786.) 
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of the formation, but the interval ranges from 180 to 300 feet. The third 
red bed occurs at shorter intervals and has been logged in about 75 per 
cent of the wells. It occurs at an average depth of 345 feet below the top 
of the Blairmore and is considered the most important horizon in this 
part of the section. 

About 450 feet below the contact the formation is a sandstone which 
contains gas within its upper part and is known in the field as the “Gas 
sand.” This member, although having an average thickness of 4o feet, 
shows lateral thinning and thickening, from a minimum of 12 feet in the 
Amego No. 1, toa maximum of 100 feet in the Adanac No. 1. An average 
thickness of 65 feet separates the base of the Gas sand from the top of the 
Vanalta sand, although the interval ranges from a minimum of 18 
feet, as in Taylor No. 1, to a maximum of 120 feet, as in Inland Pete. 
No. 2. This part of the section contains gray-green shale and, in some 
places, a fourth red bed, which occupies a position directly below the 
base of the Gas sand. The gas is contained in a stray sand above the 
basal member, or Vanalta sand. In the Adanac well No. 1 the Gas sand 
is continuous with the Vanalta, there being no shale interval between 
the two. Here the gas horizon represents the top member of the Vanalta 
sand. 

Vanalta oil sand.—This sand has an average thickness of 70 feet and 
shows comparatively slight variation from this figure. Several porous 
zones are present in the sand and some of these, unfortunately, contain 
water instead of oil. The sand grains are loosely cemented and consist 
mainly of clear quartz and small black chert pebbles. In a core from the 
Alberta Pacific Consolidated’s No. 1, 1 foot of chert conglomerate was 
obtained at the base of the Vanalta sand. This conglomerate is believed 
to be equivalent to that encountered in Alberta Pacific Consolidated’s 
Spring Coulee No. 1, and also to the conglomerate which separates the 
Blairmore from the Kootenay in the foothills. 

Table II shows the position of the porous zones within the pay sand. 

Ellis formation.—The Jurassic beds have a thickness ranging from 
35 to go feet. The average is 60 feet. They are composed mainly of 
greenish gray, calcareous shales, and in three wells the basal member is 
represented by a sandstone which is water-bearing. This horizon is 
possibly equivalent to the so-called Ellis sand of the Kevin-Sunburst 
field. In the Huso-Thomas No. 1 it was encountered at a depth of 70 
feet below the base of the Cosmos sand. 

Madison formation.—Several wells were drilled into the limestone, 
but none has encountered oil. The formation lacks porosity and con- 
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TABLE II 


SUBDIVISIONS OF PRODUCTIVE LOWER BLATRMORE SANDS 
Depth Below 
Thickness | Surface, Marker Bed 
in Feet 
| in Feet 
, 7 | 2,480-2,487 | Gray sandstone, as a rule containing some gas. Top of 
al Vanalta sand 
7 | 2 487- 2,404 Gey sandstone containing oil, water, or both 
iy 13 2,494- 2,507 Gray sandstone. Barren zone 
4 3 2,307-2,510 Gray sandetene, in some places containing water 
5 2,510-2,515 Gray sandstone. Barren zone 
5 2,515-2,520 Gray sandstone, in many places containing 1 water 
; 11 2,520-2,531 Gray sandstone. Barren zone 
4 3 2,531-2,534 Gray sndinene, in some places containing water 
4 11 2,534 2,545 (Gray sandstone. Barren zone 
— 
3 Gray sandstone, may contain oil. Cosmos 


2,548-2,540 


2,540-2,550 


Gray ‘sandeme, may contain water. Cosmos sand 


Chert conglomerate. Basal of Blairmore 


sists of a crystalline buff limestone. The pre-Ellis surface of the Madison 
. seems to have had some relief and this factor, no doubt, accounts for the 
variable thickness of the overlying Ellis sediments. 
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STRATIGRAPHY OF COLORADO SHALE IN SOUTHERN 
PLAINS OF ALBERTA" 


J. G. SPRATT? 
Calgary, Alberta 


ABSTRACT 


A subsurface correlation of the Colorado shale extending from the Sweetgrass 
arch area of Montana northward to Bow River is attempted. Graphic sections are 
given. The Colorado shale of northern Montana continues with little change as far 
north as Bow Island, but farther north the top of the formation is indefinite because 
of the lensing-out of the overlying Milk River sandstone. The Medicine Hat gas hori- 
zon, which has previously been correlated with the Milk River sandstone, is believed 
to be a sand in the upper Colorado shale. The Blackleaf member of Montana can 
be recognized in Alberta. It contains the prominent sandstone horizon which yields 
gas at Bow Island and Foremost. 


INTRODUCTION 


Although the Colorado shale extends throughout the southern 
plains of Alberta, it is covered everywhere by younger sediments and all 
knowledge regarding its character and thickness must be obtained from 
well records. Scattered wells in the greater part of the area have com- 
pletely penetrated the formation so that its lithology is well known. 

The writer wishes to make acknowledgment to C. C. Ross, super- 
visory mining engineer, Department of the Interior, Calgary, for per- 
mission to publish the information contained in this paper; also to fellow 
members of the subsurface branch of the office for helpful criticism. 
The codperation of many independent companies in submitting samples 
for examination to the Office of the Supervisory Mining Engineer is 
greatly appreciated, as well as valuable suggestions from the geological 
staffs of several companies. 

Special acknowledgment is due to the Canadian Western Natural 
Gas, Light, Heat and Power Company for core-drill information from 
one of their test wells in the Foremost district. Photographs and de- 
scriptions of several interesting core samples were kindly furnished the 
author by S. E. Slipper and H. M. Hunter, geologists for the aforemen- 


‘Read before the Alberta Society of Petroleum Geologists at the Calgary meeting, 
February 14, 1931. Manuscript received, May 18, 1931. 


Assistant engineer (geologist), office of supervisory mining engineer, Depart- 
ment of the Interior. 
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tioned company. The codperation of Theodore A. Link, geologist for 
the Imperial Oil Company in Alberta, in the preparation of photographic 
plates, is also appreciated. 


STRATIGRAPHY 


Sweetgrass arch section, Montana.—As the Colorado shale has been 
studied in considerable detail in the Sweetgrass arch area of northern 
Montana, a type section of that region has been used as a starting point 
and an attempt made to correlate it northward into Alberta. According 
to Perry’ and to Collier,? the Colorado of the Sweetgrass arch consists 
of 1,750 feet of dark gray marine shales. The lower 750 feet of these are 
arenaceous, and to this lower part the name Blackleaf sandy member 
has been assigned. Bentonite occurs at different horizons throughout . 
the Colorado, and several sandstones and conglomerates occur in the 
Blackleaf member. 

Collier reports about forty species of invertebrate Colorado Creta- : 
ceous fauna, most of which occur in the upper 1,100 feet. He finds Ostrea 
congesta, a Niobrara species, in the upper 1,000 feet. Jnoceramus labiatus 
occurs between 1,000 and 1,100 feet below the top, and fish scales, con- 
sidered to be of Mowry age, are found within this zone. Species 
of Scaphites, Baculites, Inoceramus, Ostrea, et cetera, occur in the upper 
750 feet of the formation. The lowest 400 feet of the Blackleaf is re- 
ported to be barren of marine fauna, but contains fossil wood, suggesting 
a Dakota age for that part of the section. 

Southern Plains section, Alberta.—Most of the characteristics of the 
Colorado shale in the previously mentioned area continue northward 
into Alberta. The thickness of the formation remains approximately 
the same as far north as Taber and Bow Island, where its average is 1,775 
feet. North of Bow Island, the upper limits of the Colorado are difficult 
to ascertain, because of the thinning-out of the overlying Milk River 
(Eagle) sandstone. 

Blackleaf sandy member.—The equivalent of the Blackleaf sandy 
member of Montana continues northward into Alberta, where it has a 
maximum thickness of 7oo feet on the Aiberta-Montana boundary. 
It consists of a series of alternating dark shales and gray sandstones, 
several of the latter attaining considerable thickness locally. Bentonite 


‘Eugene Perry, ‘The Kevin-Sunburst and Other Oil and Gas Fields of the Sweet- 
grass Arch,” Montana State Bur. Mines Mem. 1 (1928), Table 1, p. 5. 


Arthur J. Collier, “The Kevin-Sunburst Oil Field and Other Possibilities of Oil 
and Gas in the Sweetgrass Arch, Montana,” U.S. Geol. Survey Bull. 812-B (1929), p. 70. 
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beds occur, but have not been correlated in extensive areas. The upper 
300 feet of the Blackleaf equivalent in Alberta is, as a rule, less sandy 
than the lower 400 feet, which contains thicker and more prominent sand- 


GENERALIZED SECTION 


COLORADO SHALE 
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Fic. 2.— Composite section of Colorado shale. Thickness shown in feet. 


stones, some of which are conglomeratic. Glauconite is commonly 
present in the sandstones and traces of carbonaceous laminations or 
thin coaly streaks are found here and there. 

About 350-400 feet above the base of the Colorado a prominent 
sandstone, having a maximum thickness of 150 feet, occurs in the greater 
part of the region. This horizon is known as the “ Bow Island gas sand,” 
as it is the sand from which gas has been produced at the Bow Island 
field for several years. Gas is also found at this horizon at Foremost 
and in the Cypress Hills. As a rule, it contains water in most localities. 
Whether the Bow Island gas sand is one continuous horizon is not def- 
initely known, but prominent sandstones generally occur at this point 
and are correlated with the gas sand of the Bow Island field. 

Directly above, or in the highest part of the Blackleaf equivalent, 
fish scales generally occur, suggesting a correlation with the Mowry of 
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Montana and Wyoming. Webb" reports Inoceramus cf. labiatus and 
Prionotropis cf. woolgari in cores from a well at Taber, occurring about 
1,000 feet below the top of the Colorado. This horizon is correlated 
with Collier’s findings in the Sweetgrass arch area. 

Photographs of diamond-drill core samples of some interesting hor- 
izons from the Blackleaf sandy member are shown in Figure 4. These 
‘ cores are from the Canadian Western Natural Gas, Light, Heat and 
. Power Company’s test hole No. 42, in legal subdivision 1, Sec. 6, T. 7, 
R. 11, W. of 4th Mer., north of the town of Foremost. The following 
descriptions and comments on these cores were furnished by S. E. 
Slipper and H. M. Hunter.’ 


The top of the lower Milk River (Virgelle) was found at 613 feet in this 
hole, and the sandy beds were encountered at 2,067 feet, giving an interval of 
1,454 feet. 

Figure 4a is a photograph of a section of 2-inch-diameter core from 2,067 
to 2,070 feet and shows sandy shale having a peculiar texture of minute inter- 
locking lenses of light gray and dark gray material. 

Figure 46 shows irregular lenses of dark gray shale and sandy shale, with 
a light gray, very fine-grained argillaceous sandstone. One chert pebble, about 
', inch in diameter, is shown. This horizon corresponds stratigraphically with 
the Foremost gas sand. (See Figure 47.) 

: Figure 4c is a section of core of sandy shale extending from 2,075 to 2,084 
‘ feet. This section has lenses of light gray material which in themselves are 
cross-bedded. 
[ Figure 4d shows a section from 2,121 feet, 4 inches, to 2,124 feet, 4 inches. 
The groundmass in this sample is similar to those already shown, but the scat- 
tered black chert pebbles studding the rock are a noteworthy feature. 
Figure 4¢ is a section of core from 2,124 feet, 4 inches, to 2,125 feet, 4 inches. 
oh This section shows finely laminated sandstone and shale with a minute lens of 
cross-bedded shale. Between the sand lamellae are lamellae of coal. 
Figure 4f is a core from 2,125 to 2,129 feet. A light gray fine-grained sand- 
stone without lamellae or other noteworthy features is shown. 
Figure 4g is a core from 2,149 to 2,153 feet—the basal part of the sandstone 
shown in Figure 4f—showing finer grain than the section above. 
Figure 4h is a sandstone core from 2,182 to 2,198 feet, the lower part of 
which is marked by distinct laminations. 
‘ Figure 4i shows a sample of the gas sand from the No. 7 gas well at Fore- 
most. 
Deposits having identical characteristics have been found in diamond-drill 
i holes as far north as Burdett. However, the arrangement of beds seems to 
vary considerably where traced laterally. The top sandy shale shown in Figure 
46 evidently grades into lenses of coarse sandstone as shown in Figure 4i. 


"J. B. Webb, personal communication. 


2Personal communication. 
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Fic. 4.—Cores and well samples showing characteristics of sandy Blackleaf mem- 
ber of Colorado shale. (See text for individual descriptions.) 
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These two samples occur at the same distance below the top of the lower Milk 
River sandstone. The wells are situated 7 miles apart. 


U pper Colorado shale-——The upper Colorado shale consists of about 
1,000 feet of dark gray marine shales with some thin, very fine-grained, 
sandstone beds, and bentonite horizons. Ironstone and impure limestone 
are present, but their irregular occurrence in samples suggests that they 
are concretionary rather than bedded. Any fossils which occur are 
generally too much broken to be recognizable. Jnoceramus prisms are 
commonly found, and some fragments of Baculites are identified. 

The highest sediments of the Colorado grade through a series of 
sandy shales or alternating thinly bedded sandstones and shales into 
the overlying massive sandstone of the Milk River formation. As this 
change is transitional, the Milk River-Colorado contact can rarely be 
determined within less than 20 feet in well samples. 


CONCLUSION 


The Milk River formation seems to lose its identity a short distance 
north of Bow Island. Because of this fact the Colorado shale merges 
almost imperceptibly into the Pakowki shale with essentially no record 
of the interfingering wedge of the Milk River sandstone. 

The productive gas horizon at Medicine Hat and Redcliff has here- 
tofore been correlated with the Milk River sandstone,' which overlies 
the Colorado shale farther south (Fig. 3). More recent drilling, however, 
indicates that the Medicine Hat gas sand occurs in the Colorado, about 
300 feet stratigraphically below the true Milk River horizon. The reason 
for placing the Medicine Hat gas sand within the Colorado shale can 
best be explained by reference to Figure 2. In this diagram a series of 
sections of the Colorado in the southern plains is shown. Some sections 
also show the relative position of the coaly series of the Foremost for- 
mation with respect to the upper and lower limits of the Colorado. It 
can be seen that in every locality where a section from this coaly series 
down to the base of the Colorado is known the thickness is approximately 
2,500 feet, and that the interval from the coaly series down to the top 
of the Colorado is about 700 feet. 

At Medicine Hat and Redcliff, however, it is seen that the interval 
from the coaly beds to the Medicine Hat gas sand is about 1,000 feet, 


'D. B. Dowling, “‘The Southern Plains of Alberta,’ Geol. Survey of Canada Mem. 
93 (1917), p. 48. 

G. S. Hume, “Oil and Gas in Western Canada,” Geol. Survey of Canada Econ. 
Geol. Series 5 (1928), p. 50. 

M. Y. Williams and W. S. Dyer, ‘“‘Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930), pp. 116-20. 
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whereas the interval from the latter horizon to the base of the Colorado 
is about 1,500 feet. In other words, the interval from the coaly series 
to the base of the Colorado is uniform, namely, about 2,500 feet, but 
the Medicine Hat gas horizon occurs too close to the base of the Colorado 
and too far below the coaly series of the Foremost formation to be corre- 
lated with the Milk River formation. It is, therefore, concluded that 
the position of the Medicine Hat gas sand is within the upper part of the 
Colorado formation at a distance of about 300 feet below the Milk River 
sandstone, with which it has been previously correlated. 
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STRATIGRAPHY OF FOREMOST, PAKOWKI, AND MILK RIVER 
FORMATIONS OF SOUTHERN PLAINS OF ALBERTA’ 


S. E. SLIPPER? and H. M. HUNTER: 
Calgary, Alberta 


ABSTRACT 


The Foremost formation consists of continental material deposited during a 
regression of the Montana sea. Three important members are identified. The Pa- 
kowki formation is described as the marine sediments of a transgressing Montana sea. 
Details of local sections are given and it is shown that the sea transgressed from the 
southeast. The two divisions of the Milk River formation are described as the re- 
gressional deposits of the retreating Colorado sea. The upper part was derived from 
a land mass southwest of the area. 


ACKNOWLEDGMENTS 

The information on which this paper is based was obtained chiefly 
from the explorations of the Canadian Western Natural Gas, Light, 
Heat and Power Company, Ltd. The core records of diamond-drill 
structure test holes supply a large part of the data. In addition, ac- 
knowledgment is due to the Lethbridge Brewing Company for the log 
of a well drilled on their property; to the supervisory engineer of the 
Department of the Interior for a log of a Medicine Hat well; and to 
Theodore A. Link for measured sections of the Milk River formation. 
Sections obtained from the contour map of Bears’ Den, Flat Coulee, and 
Whitlash districts, Montana, by C. E. Erdmann,’ were also used. 


INTRODUCTION 


It is not the intention of the writers to enter into a critical discussion 
of work done by others in describing these strata. The pioneer work 


*Read before the Alberta Society of Petroleum Geologists, February 14, 1931. 
Manuscript received, May 18, 1931. Published by permission of Canadian Western 
Natural Gas, Light, Heat and Power Company, Ltd., Calgary, Alberta. 


Chief geologist, Canadian Western Natural Gas, Light, Heat and Power Com- 
pany, Ltd. 


3Geologist, Canadian Western Natural Gas, Light, Heat and Power Company, 
Ltd. 


4C. E. Erdmann, Preliminary Structure Coniour Map of Bears’ Den, Flat Coulee, 
and Whitlash Districts, Montana (U. S. Geol. Survey, 1930). 


1181 


1182 S. E. SLIPPER AND H. M. HUNTER 


of G. M. Dawson’ was surveyed in a thorough manner by Dowling.? 
In Dowling’s memoir on the “Southern Plains of Alberta’’ the reader 
may find the authority for the divisions and formational names used in 
this paper. In a report by Williams and Dyer,} received while this man- 
uscript was in preparation, a radical change in the meaning of the group 
and formation names from that of Dawson and Dowling is introduced. 
Although there may be well founded reasons for making the Belly River 
of less extension, it is believed that most geologists will prefer to retain 
it as a group name; hence, Dowling’s arrangement is retained by the 
writers. 

TABLE OF FORMATIONS 


Formation Member Formation Member 


(Alberta) | (Alberta) (Montana) | (Montana) 
Taber coal horizon 
Foremost McKay coal horizon Judith River 
(in part) 
Verdigris sandstone 
Pakowki Claggett 
Upper Milk River Upper Eagle 
Milk River Eagle 
Lower Milk River | Virgelle 


(Virgelle sandstone) 


FOREMOST FORMATION 


Dowling! named the brackish-water, yellow beds of Dawson the 
Foremost formation, his type locality being the exposures in Chin Coulee 
near the town of Foremost. Not all the related beds are exposed at the 
type locality and he described his basal section from the exposures near 
Medicine Hat. However, the sediments near Medicine Hat are different 
from those characterizing the lowest Foremost in most places and, be- 
cause of this variation, his generalized section is not typical. 

The Foremost formation is not easy to describe because its chief 
characteristic is the variable stratification. Measured sections are gen- 


'G. M. Dawson, “ Report on Region in Vicinity of Bow and Belly Rivers, North- 
west Territories,” Geol. and Nat. Hist. Survey of Canada Rept. of Progress 1882-8 3-84. 


2D. B. Dowling, “Southern Plains of Alberta,”’ Geol. Survey of Canada Mem. 93 
(1917). 

3M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930), p. 15. 


4D. B. Dowling, “Southern Plains of Alberta,” Geol. Survey of Canada Mem. 93 
(1917), P. 37 
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erally quite unlike each other even when short distances intervene. All 
geologists have difficulty in placing the dividing line between the Fore- 
most and the overlying Pale beds. In some places it is quite impossible 
to make the division. Dowling defined the top of the Foremost as a 
“certain coal seam.” This is the seam mined at Taber, the position of 
which is not definite except locally. 

The generalized section compiled chiefly from the diamond-drill 
cores of structure test holes is here given. This section should be com- 
pared with the drill-hole sections shown in Figure 2. 


Yellow Massive Sandstone (Pale Beds) Thickness in Feet 
Top, 1. Carbonaceous shale 
Coal seams | 
(Taber coal horizon) 


2. Sandstones and shales in thicker \ 


3. Thinly interbedded carbona- 
ceous_ shales, sandstones, | 
sandy shales 
Ferruginous limestones | 
Ostrea beds 


4. Colloidal clays and coal seams _) 
sandstone) 


5. Basal sandstone 
(Verdigris sandstone) 


Marine transition beds (Pakowki shale) 


At the base of the overlying Pale beds there is, in the south- 
western part of the region, a massive buffi-weathering sandstone. It 
is easily recognized in outcrops and wherever it occurs serves definitely 
to locate the upper limit of the Foremost formation. Typical exposures 
may be observed on Oldman River west of the town of Taber, on the 
prominent topographic “high” known as the Chin, about 5 miles south 
of Barnwell, in Verdigris Coulee at the head of Tyrrel Lake, in the small 
coulees between Sterling and Warner, and also on Milk River at the 
mouth of Mackie Creek. In districts where this sandstone does not 
occur and where the top of the Taber coal horizon is indefinite the di- 
vision between the Foremost formation and the Pale beds must be made 
arbitrarily. 
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The following comparative criteria may help in making an approx- 
imate division of the Foremost or Pale beds. 


Pale Beds Foremost Beds 
Long cross-bedding, typical Not typical 
Not typical Ferruginous limestone bands typical 


Not typical (except in coal at top) Coal and carbonaceous shales typical 
Thick beds of sandstone common Mostly thin-bedded 
Light grays, light greens, yellows Dark colors predominate 


Taber coal horizon.—Along Oldman River north of Taber, coal has 
been mined for years from seams at the top of the Foremost formation. 
The coal seams are decidedly lenticular and it is impossible to use them 
as horizon markers. This coal series in most of the region is about 100 
feet thick, but toward the west and southwest it loses its identity and 
becomes a thin zone of coaly shale. 

Beneath the coal horizon occurs a group of thick cross-bedded and 
lenticular sandstones, which could be mistaken for members of the Pale 
beds. Unio is a common fossil in this part of the Foremost. 

Middle Foremost.—Most of the exposures in the region are of the 
middle Foremost. These beds show a heterogeneous stratification that 
is indescribable. As an example of the extreme alternation of rock types 
the following section is a description of 6 feet of diamond-drill core from 
a structure test near the town of Barnwell. 


Feet Inches Feet Inches 

314 to 315 s.r Dark brown carbonaceous shale 
315 «1 to 316 Tronstone 

316 to 316 I Argillaceous sandstone 


316 rt to 317 6 Dark gray carbonaceous shale 
317 6 to 319 ~=s«dT/O Light gray argillaceous sandstone 
319 «610.—Ss«&to 320 Light brown ferruginous limestone 


Such variations are typical of the middle part of the Foremost. 
There are about 100 feet of middle Foremost beds. Near the town of 
Foremost there are two prominent beds, almost entirely composed of 
Ostrea shells, which merge into one bed if traced out. In other districts 
such prominent Ostrea beds have been observed in exposures and in the 
cores of structure test holes, but there is evidence that most of these 
are lenticular zones which occur in places in the middle Foremost. 
The writers are convinced that there is neither a bed nor an interval in 
all this part of the Foremost that can be used for mapping structure. 
The exposures with their thin-bedded aspect suggest a profusion of def- 
inite horizons, but careful core work has proved the extreme discontin- 
uity of all these beds. 


‘ 
| 
| 


1186 S. E. SLIPPER AND H. M. HUNTER 


McKay coal horizon.—The middle beds grade downward into a coal 
horizon approximately 60 feet thick. The McKay coal seam in the lower 
part of the horizon is workable at some localities. There are good ex- 
posures of this horizon on Milk River about 9 miles west of the town of 
Milk River and in Verdigris Coulee. Drill holes encounter the horizon 
throughout the whole region, and the coaly beds at river level near Med- 
icine Hat probably belong here. At the base some greenish white col- 
loidal clay (bentonite ?) beds have been used by A. J. Childerhose' as a 
horizon marker. The lowest coal seam is also a good marker. 

Verdigris sandstone.—The basal sandstone of the Foremost is the 
most persistent member of the formation. It is proposed to call it the 
“Verdigris sandstone” because it is best exposed at three localities in 
the coulee of that name. It is also fully exposed along Milk River at 
intervals for 7 miles west of the town of Milk River. The Verdigris 
sandstone does not occur in the basal sections of the Foremost exposed 
along South Saskatchewan River west of Medicine Hat. Nor is it 
recognized in the samples from the well at Lethbridge (2 of Figure 2). 
The base of the sandstone is transitional into the underlying Pakowki 
shale to such an extent that it is difficult to place the division line be- 
tween the two. The upper limit of the sandstone is definite at most 
localities. On exposures the sandstone is buff, and in core samples it is 
light gray and medium-grained. The thickness of the member has a 
considerable range, but in general it increases southward and southwest- 
ward where it is about 60 feet thick. 

Origin.—The Foremost formation consists of sediments probably 
derived from the southwest and deposited during a regression of the lower 
Montana sea. The Verdigris sandstone represents the beach sands of 
the retreat; the remainder, consisting in large measure of vegetable 
débris and chemical precipitates, represents lagoonal deposits of a low 
land with sluggish sedimentation. The succeeding Pale beds, of clean 
sands, containing a minimum of vegetable material and with long cross- 
bedding, indicate rapid sedimentation on a steeper gradient. This his- 
tory of sedimentation suggests a three-part division of the regressive 
overlap contained in the Foremost formation and Pale beds: (1) beach 
sands, represented by the Verdigris sandstone; (2) lagoon deposits, rep- 
resented by the middle and upper Foremost; and (3) delta-type deposits, 
represented by the Pale beds. 


‘Personal communication. 
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It is suggested that theoretically these three divisions should appear 
in all the regressive overlaps of the Plains region. The beach-sand de- 
posits and the lagoon deposits are clearly present in the Kootenai, in 
the Milk River, and in the Fox Hills-St. Mary River overlaps, but the 
overlying delta-type beds are not everywhere present. 

Paleontology —The Foremost formation contains both fresh-water 
and brackish-water types. Fossils are plentiful throughout the forma- 
tion, and in places there are beds consisting entirely of Ostrea subtrigon- 
alis. Thin seams consisting almost wholly of Corbula perundata shells 
are also common. Probably the best discussion of the paleontology of 
the Foremost beds that. has been written is in the recent work of M. Y. 
Williams and W. S. Dyer.' 


PAKOWKI FORMATION 


A series of marine shales and sandstones found between the conti- 
nental deposits of the Milk River and the Foremost formation was named 
“Pakowki” by D. B. Dowling? in 1915. The name originated from the 
locality of an exposure of these beds in Pakowki Coulee. This exposure 
was noticed by G. M. Dawson in 1882, but he considered that it was a 
part of the Colorado formation. In 1905, Stanton and Hatcher,’ of the 
United States Geological Survey, showed that these beds were of lower 
Montana age and correlated them with the Claggett of northern Mon- 
tana. 

Exposures of the Pakowki are scarce and incomplete. However, 
along Milk River, about 7 miles west of the town of Milk River, an ex- 
cellent exposure of the top of the formation may be seen. This exposure, 
together with the records of several core holes in the vicinity, supply 
the best available information concerning the Pakowki in the entire 
area of the Southern Plains. 

In the Milk River district the formation has a thickness of 183 feet. 
The base is distinctly marked, in many places, by a thin chert conglom- 
erate, and otherwise by typically continental deposits of green shale or 
light gray sandstone of the Milk River formation. There is a phase in 
the middle consisting of marine sandstone, sandy shale, and a little 


“Geology of Southern Alberta and Southwestern Saskatchewan,” Geol. Survey of 
Canada Mem. 163 (1930). 


( 4 B. Dowling, “Southern Plains of Alberta,’ Geo!. Survey of Canada Mem. 93 
1917). 


3G. M. Dawson, Geol. Survey of Canada Rept. of Progress 1882-84. 


4T. W. Stanton and J. B. Hatcher, “Geology and Paleontology of the Judith River 
Beds,” U.S. Geol. Survey Bull. 257 (1905). 
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shale, having a thickness of 75 feet. The top of the formation is shown 
by a fairly sharp change from dark interbedded marine shales and sand- 
stones to the light yellow basal sandstone of the Foremost. The remain- 
der of the formation consists of a dark blue-gray shale with some sandy 
shale. It is important to notice that this is the only locality where the 
top of the formation may be located with any accuracy. The section is 
as follows. 


Thickness 
in Feet Description 


23 Interbedded dark blue-gray shales with fine-grained sandstones 

25 Dark blue-gray shale (some cone-in-cone calcite near the top) 

25 Greenish to gray fine-grained sandstone 

25 Dark blue-gray shales, sandy shales, and fine-grained sandstones. This 
horizon varies laterally, the shales and sandstones replacing one another 

25 Greenish to gray fine-grained sandstone 

10 Dark blue-gray sandy shale 

40 Dark blue-gray shale 

10 =* Dark blue-gray shale and sandy shale 


183 Total Pakowki 


From the record of a cable-tool hole, the Pakowki has a thickness of 
about 100 feet near Monarch (1 of Figure 2). It consists of dark gray 
shale with a sandy phase in the upper part. The base of the formation 
is marked by the contact with a light gray sandstone of the Milk River 
formation. The top is fairly well shown by a change from sandstone and 
carbonaceous shale of the Foremost to dark gray shale. The section is as 
follows. 


Thickness in Feet Description 


20 Dark gray shale 
40 Dark gray shale with sand 
40 Dark gray shale 


At Lethbridge (2 of Figure 2) the formation has a thickness of about 
130 feet, as shown in the cable-tool samples from the Lethbridge Brewery 
well, and consists entirely of dark gray shale. The contact with the un- 
derlying Milk River formation is between the shale and a light gray 
sandstone. The top of the formation is marked by sandy shale and some 
coal. 

At Barnwell (4 of Figure 2) four complete cores of the Pakowki 
have been obtained. Here, the thickness is about 110 feet. The base is 
distinctly marked, in some places by a thin chert conglomerate, in others 
by a green shale, and in others by a light gray sandstone of the upper 
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Milk River. The basal 20 feet consists of sandy shale; above it there 
are 40 feet of dark blue-gray shales, which are covered by 50 feet of dark 
blue-gray sandy shales. There is great difficulty in determining the top 
of the formation. From 50 to 100 feet of transitional sandstones, sandy 
shales, and shales are found, grading into the Verdigris sandstone. The 
lack of definitely marine fossils and the occurrence of plant remains here 
and there in these transitional beds have led to their inclusion in the 
Foremost. The section is as follows. 


Thickness in Feet Description 
50-100 Transitional beds of sandstones, shales, and sandy shales (Foremost) 
50 Dark blue-gray sandy shales 
40 Dark blue-gray shales 
20 Dark blue-gray sandy shales 


A complete core of the Pakowki has been taken about 5 miles south 
of the town of Grassy Lake. The thickness at this point is 190 feet. 
The base of the formation is marked by a chert pebble bed. About 30 
feet of dark blue-gray sandy shales lie on top of the pebble bed. The re- 
mainder of the formation is made up of typically marine dark blue-gray 
shale, except for a small sandy phase near the top. Some bentonite beds 
occur in the lower part. These have a peculiar greenish brown color 
when first recovered (provided they had not been water-soaked), but 
change to a very light gray on exposure to the air. About 30 feet of 
transitional beds at the top were included within the Foremost. 

In the Burdett district only a few feet of the lower part of the Pa- 
kowki has been cored. From fish-tail-sample evidence the formation 
seems to be about 195 feet thick. It consists of dark blue-gray shale 
with a little sandy shale near the top and bottom. Some bentonite 
occurs. The base is marked here and there by a chert conglomerate; 
otherwise the formation grades into the sandy shales of the upper Milk 
River formation. There is a transitional zone at the top, but its actual 
extent is not known. 

C. E. Erdmann’ gives a thickness of 350-420 feet to the Pakowki 
formation in the Sweetgrass Hills. He describes the beds as “greenish 
gray and drab fissile marine shales with thin sandstone lentils.’’ Both 
Theodore A. Link? and C. E. Erdmann show a pebble bed marking the 
base of the formation. 


*C. E. Erdmann, Preliminary Structure Contour Map of the Bears’ Den-Flat Coulee- 
Whitlash Districts of North Central Montana (U. S. Geol. Survey, July, 1930). 


2Personal communication. 
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At Foremost the Pakowki formation has been completely cored 
except for 20-30 feet of the upper part. It has a thickness of 220 feet. 
The base is fairly well marked by a rapid change from dark blue-gray 
sandy shales to continental deposits. About 20 feet at the base consists 
of sandy shale; the remaining 200 feet is a dark blue-gray shale which 
has one prominent bentonite bed about 60 feet above the base. Approx- 
imately 20 feet of transitional beds occur at the top and have been in- 
cluded in the Foremost. 

The log of a Medicine Hat well is shown in Figure 2. It shows a 
thickness of 290 feet to the Pakowki, where it evidently consists of soft 
dark shale. 

Paleontology—In the upper 25 feet of the formation the form 
Liopistha undata is characteristic and fairly common in the district 
around the town of Milk River. The sandstones of the middle part of 
the formation where exposed are generally fossiliferous, the most common 
form being Pteria nebrascana. In southeastern exposures and in cores 
Baculites compressus is a prominent form. 

Origin.—The sediments of the Pakowki were deposited during a 
rapid transgression of the lower Montana sea over the continental sed- 
iments of the upper Milk River formation. The isopach map (Fig. 3) 
shows the deposition of the formation which thickens rapidly toward the 
southeast. 

In the eastern part of the plains area the Pakowki is composed almost 
entirely of shale; in the southwest a sandstone phase occurs near the 
middle. In localities west of the town of Milk River it is possible that 
the formation consists entirely of sandstone, this being a further devel- 
opment of the middle sandstone phase. 


MILK RIVER FORMATION 


In 1905 Stanton traced the Eagle sandstone from Montana into 
Alberta and proved that the beds which Dowling several years later 
named the Milk River formation, were identical and continuous with the 
Eagle formation. Under the circumstances a new name was not justified 
and the formation should have been named “Eagle.” Usage in Canada, 
however, has forced the name “Milk River” to stand. In later years 
some geologists have accepted the name “Virgelle” for the prominent 
basal member of the formation, which is the name applied to it in Mon- 
tana. The Geological Survey of Canada, however, still refers to the two 
divisions as the upper Milk River and the lower Milk River. 

The formation as a whole consists largely of light-colored beds. 
The greatest thickness in the west, the Warner section (3 of Figure 2), is 
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Fic. 5.—Lower Milk River formation on Milk River. Viewed southwest from 
NE. cor., Sec. 36, T. 1, R. 13, W. of 4th Mer. The “Bad-lands” weathering is typical. 
(Photograph by Delmer L. Powers.) 


Fic. 6.—Exposure of top massive part of Lower Milk River sandstone at mouth 
of Verdigris Coulee, Sec. 12, T. 2, R. 14, W. of 4th Mer. (Photograph by P. D. Moore.) 
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Fic. 7.—Typical exposure of Upper Milk River sandstone on west slope of Ver- 
digris Coulee in Sec. 30, T. 2, R. 14, W. of 4th Mer. (Photograph by P. D. Moore.) 


Fic. 8.—Foremost-Pakowki contact exposed on bank of Milk River in Sec. 30, 
T. 2, R. 17, W. of 4th Mer. (Photograph by J. O. G. Sanderson.) 
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345 feet, though at Medicine Hat it is about 1o feet. The forma- 
tion is exposed in a large area along the Montana border, where the 
average thickness is 280 feet. In Alberta the formation is surprisingly 
barren of fossils, the few forms found being plant remains. 

Upper Milk River —The upper Milk River thins out within a few 
miles toward the northeast as shown by the isopach map (Fig. 4). At 
the top an extraordinarily persistent black chert pebble bed is found 
capping the exposures and in many of the core sections. However, 
this bed is not found in the wells at Foremost, Lethbridge, or Monarch. 
The pebble bed ranges from a fraction of an inch to 6 inches in thickness. 
In some places a thick cross-bedded sandstone occurs beneath the pebble 
bed, but generally it is succeeded by a series of green shales, carbonaceous 
shales, thin coal seams, and thin sandstones. 

Lower Milk River —The lower Milk River or Virgelle is a massive 
sandstone which has a clean-cut contact with the overlying member, 
whereas the base grades into the underlying Colorado shale through a 
series of transition beds. The member has a fairly constant thickness 
throughout a large part of the region, but from the vicinity of Foremost 
it decreases in thickness within a few miles toward the northeast. 

The lower Milk River is very light-colored on exposure, almost 
white. The upper part is irregularly indurated and weathers into cas- 
tellated forms. In core samples the lower Milk River is a medium- 
grained, light gray sandstone. Porous zones yield artesian flows of fresh 
water. 

Origin.—The Milk River formation comprises the regressive de- 
posits formed during the retreat of the Colorado sea. This deposition 
was probably the result of an upwarp southwest of the region. 

The beach sands of the retreating sea are represented by the lower 
Milk River, lagoon deposits by the carbonaceous shales and coal seams 
of the upper Milk River, and the deltaic deposits by the pebble bed and 
its associated sands at the top of the formation. Thus there is the three- 
part division of this regressive overlap which was also observed in the 
Foremost-Pale beds overlap. 
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SUBSURFACE STUDY OF PALE BEDS AND FOREMOST FOR- 
MATION IN LETHBRIDGE-BROOKS AREA OF 
SOUTHERN ALBERTA’ 


DELMER L. POWERS? 
Calgary, Alberta 


ABSTRACT 


In this paper is presented the subsurface information concerning the Pale beds 
and the Foremost formation as disclosed by seven deep wells drilled in the Lethbridge- 
Brooks area of Alberta. The nomenclature of the formations and some regional 
aspects of lithology, sedimentation, and thickness are considered briefly. These for- 
mations are Cretaceous in age, and are the equivalent of the Judith River beds of 
Montana. 

The Foremost formation consists largely of brackish-water, lagoonal deposits of 
dark gray shales with subordinate sandstone, carbonaceous matter, and oyster beds. 
A prominent coal series (McKay) is recognized near the base, and another coal horizon 
(Taber) is present at the top of the formation in some parts of the area. The average 
thickness of the formation is 400 feet, but it is somewhat less farther northeast. 

The Pale beds consist chiefly of fresh-water deltaic deposits of light gray sand- 
stones and shales. A widespread coal series (Lethbridge coal measures) is present at 
the top. The formation is about 740 feet thick in the southwestern part of this area, 
but becomes thinner northeastward. 

Stratigraphic evidence indicates that some western land mass was the source of 
the sediments. Persistent coal measures at the base of the Foremost and the top of 
the Pale beds are useful for correlation. 


INTRODUCTION 


The purpose of the writer is to discuss briefly the nomenclature of 
the Pale beds and the Foremost formation, and mainly to present the 
results of a subsurface study of those sediments as found in well sections 
from Lethbridge to Brooks, Alberta, together with a few remarks con- 
cerning some regional characteristics. 
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‘Read before the Alberta Society of Petroleum Geologists, at the Calgary meeting, 
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NOMENCLATURE 

The sediments comprising these formations were early described 
by Dawson,' who noted that those strata conformably below the Pierre 
shale and above the ‘Lower Dark shales”’ (later shown to be Pakowki 
and not Colorado shale) consisted of a pale-colored upper part and a 
sombre-colored lower part. 

Several years later Stanton and Hatcher’ traced the Judith River 
formation and the strata associated with it in Montana northward 
across the International Boundary into Alberta. By this means it was 
proved that the Judith River beds (undivided in Montana) and the Pale 
and Sombre beds of Canada are equivalent. Both are overlain by the 
marine Bearpaw shale (Upper Pierre) and underlain by the marine Clag- 
gett (Pakowki) formation. 

Dowling’ later named the pale-colored very arenaceous strata the 
Pale beds and the lower dark or sombre-colored argillaceous sediments 
the Foremost. These divisions were given the rank of formations and 
as such he mapped them separately in the southern plains of Alberta. 
He also defined the Belly River series as consisting of four formations, 
which in ascending order are: the Milk River sandstone, the Pakowki 
formation, the Pale beds, and the Foremost formation. These occupy 
that part of the column between the Colorado shale below and the Bear- 
paw shale above. 

A recent discussion concerning the nomenclature of these strata 
is that by Williams and Dyer,’ who would restrict and apply the term 
Belly River as a formation name to include only those sediments be- 

'G. M. Dawson, “Report on the Country in the Vicinity of the Bow and Belly 
Rivers.” Geol. Survey of Canada Rept. of Progress, 1882-84 (1885), Pt. 4. 


2T. W. Stanton and J. B. Hatcher, ‘Geology and Paleontology of the Judith 
River Beds,” U.S. Geol. Survey Bull. 257 (1905). 


3D. B. Dowling, Geol. Survey of Canada Summary Rept. (1915); ‘The Southern 
Plains of Alberta,”’ Geol. Survey of Canada Mem. 93 (1917). 


4M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930), pp. 16 and 17. 


| 

! 
‘ 


PALE BEDS AND FOREMOST FORMATION 1199 


tween the marine Pakowki and Bearpaw shales, which, they contend, 
was the original intention of Dawson. These authors class the Pale beds 
and Foremost as members of the Belly River formation. 

It seems inadvisable to adopt this retroactive proposal of Williams 
and Dyer in regard to the restricted use of the term Belly River. Dowl- 
ing’ clearly defined this as the name for a specified series which on the 
plains can be separated into several formations. However, as it is not 
yet possible to subdivide these or equivalent sediments in the foothills 
region, it seems desirable to retain the series name. If a collective term 
is needed to designate those strata between the Bearpaw and Pakowki 
shales, it seems logical to use the term Judith River, which not only has 
priority but in addition would eliminate the confusion involved by 
changing the definition of the term Belly River. Although the Pale beds 
and Foremost strata are somewhat similar and the contact between 
them is gradational rather than abrupt, they are sufficiently different 
and distinct to permit them, in most places, to be recognized and differ- 
entiated in the field. 

Since the time when Dowling described and mapped the Pale beds 
and Foremost strata, the use of these names for the respective formations 
has become somewhat firmly established in the literature. The foregoing 
reasons are deemed valid and sufficient authority to justify the contin- 
uance of the terms as formation names and as such they are used in this 
paper.’ 

DESCRIPTION OF FORMATIONS 


Short descriptions of the Pale beds and the Foremost formation as 
they appear in exposed sections on the plains of southern Alberta will 
provide the reader with data which are necessary to the proper interpre- 
tation of the accompanying graphic sections, such as information con- 


Op. cit. 


Since this paper was submitted for publication the Geological Survey of Canada 
has issued Summary Report, 1929, Part B, (1930) Pub. No. 2255. This report was 
published subsequent to the frequently cited Geol. Survey of Canada Memoir 163 (1930), 
Pub. No. 2244, by Williams and Dyer. 

One of the papers in the Geol. Survey of Canada Summary Report, 1929 (1930), 
Pub. No. 2255, is entitled “Oil and Gas Prospects i in Central Saskatchewan,” by P. 
Warren. The following quotation is from Warren’s report, P. 41 B, “....the beds 
observed probably represent the Pale beds—the uppermost formation of the Belly 
River series... ..” 

This later publication indicates that a difference of opinion exists among some of 
the Dominion geologists, who have worked in the western plains, regarding the nomen- 
clature and rank of the stratigraphic units situated between the Bearpaw and Pakowki 
shales. The Geological Survey of Canada has evidently decided to follow the older 
and more firmly established practice of using the term Belly River to designate a 
stratigraphic series which is composed of several formations as originally defined by 
D. B. Dowling. 
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cerning minor structural features which as a rule can not be determined 
from the logs of widely separated wells. 


FOREMOST FORMATION 


These sediments consist chiefly of brackish-water, lagoonal deposits 
among which shales and shaly silts, with subordinate amounts of sand- 
stone, predominate. All phases of these sediments exhibit lensing, 
which may occur in relatively short distances. The sandstones are gen- 
erally gray, buff, or tawny brown; dark grays and browns predominate 
in the shales. On the whole, as these rocks contain variable amounts of 
colloidal material and are not well cemented or indurated, they do not 
resist erosion well. At some localities in southern Alberta the base of 
the Foremost is marked by the presence of a generally massive gray to 
tawny sandstone of variable thickness. Other components are small 
amounts of selenite, bentonite, and ironstone nodules and _ stringers. 
The ironstones ordinarily are a mixture of iron oxide and clay and have 
a light brown color. Another form of concretion is that composed of 
sandstone with calcareous cement. These differ in size from a few inches 
to several feet in diameter or length. Most of the sandstone ledges 
which stand out prominently on the sides of coulees or along streams, 
owe their resistance to a calcareous cement. Oyster shells are plentiful, 
particularly in the upper part of the formation, and commonly occur at 


Fic. 1.—Foremost beds exposed along Lost River, Alberta, in T. 1, R. 4, W. of 


4th Mer. (Photograph by Theodore A. Link.) 
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intervals through beds of poorly consolidated gray sandstone or as hard, 
tightly compressed coquina beds, some of them 3 feet or more in thick- 
ness. 

The Foremost contains many coal or carbonaceous beds. Some of 
the most prominent of these are the McKay coal measures, ordinarily 
present near the base of the formation, and another, the Taber coal 
measures, is locally present at the top. These coal seams are variable 
in thickness, character, and position in the section, as well as in lateral 
distribution. Carbonaceous shales or coals grade in places from one to 
the other and in places either or both disappear entirely in relatively 
short distances. 

Besides various species of Ostrea, the Foremost beds contain shark 
teeth, fish vertebrae, fragments of bone, plant remains, and other car- 
bonaceous matter, plentiful remains of fresh- and brackish-water gastro- 
pods and pelecypods, and some marine forms. For a treatment of the 
paleontology of this formation and the Pale beds, the reader is referred 
to the recent publication of Williams and Dyer.' 


PALE BEDS FORMATION 


The sediments of this formation are of fresh-water origin and con- 
sist chiefly of gray and greenish gray sandstones, and shaly sandstones, 
with some darker shales. Light gray, rather massive, poorly consoli- 
dated sands containing much colloidal clay are characteristic. As a 
whole, the formation is poorly indurated and is very susceptible to ero- 
sion. Along coulees, stream courses, and other places of pronounced re- 
lief, stumping is common. On the larger exposed areas, bad-land topog- 
raphy, such as that near Red Deer River east of Steveville,? is developed 
in some places. Among the minor features are small mushroom-shaped, 
erosional remnants or “‘ hoodoos,’’ each with a cap of sandstone, ironstone, 
a glacial boulder, or other resistant rock. Among the softer strata are 
some hard sandstones which in places stand out as ledges from sides of 
coulees and stream courses. Some of the harder beds have current and 
ripple marks. Sandstone concretions of various sizes occur irregularly 
in the section. Most of the strata are very lenticular and, in places, both 
vertical and lateral changes occur in very short distances. Cross-bedding 
is extremely common and is one of the depositional characteristics. 


10. cit., p. 30. 


2For some excellent pictures of the geological features and popular descriptions 
of the paleontology of the Pale beds (Belly River formation) at this locality, the reader 
is referred to an article by Barnum Brown, entitled “Hunting Big Game of Other 
Days,” National Geographic Magazine, Vol. 35 (May, 1919), pp. 407-20. 
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Fic. 2.—Looking east at upper Pale beds exposed on north side of Little Bow 
River in southwest part of Sec. 31, T. 12, R. 19, W. of 4th Mer., Alberta. 


Among the accessory materials are thin bands of bentonite, small 
amounts of selenite, calcareous nodules and concretions, and ironstone 
nodules, stringers, and bands. These ironstones are generally brown, 
hard, and many of them have irregular pitted surfaces. They consist 
of variable proportions of iron oxide, iron carbonate, and clay. Thin 
stringers and nodules of gray to tan impure calcareous matter (“lime”’), 
which may have been deposited as chemical precipitates in fresh-water 
lakes, are also present. 

The fossil pelecypods, the many reptilian remains at some localities, 
and the carbonaceous matter distributed through the column indicate 
that these are, for the most part, fresh-water deposits. A few brackish- 
water mollusks are found, particularly near the top, and these indicate 
a transitional phase to the marine strata above. The division between 
the Pale beds and the Foremost formation is discussed later. 

Coal beds or carbonaceous shales are invariably present in the 
upper part of the formation and for practical purposes the highest coal 
or carbonaceous stratum is commonly taken as the top of the formation. 
These coal beds are known as the Lethbridge coal measures in that dis- 
trict. Conformably above the Pale beds is the black, marine Bearpaw 
shale. The change from the gray arenaceous coal-bearing sediments to 
the dark marine shales is ordinarily distinct. 
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DESCRIPTIONS OF WELL SECTIONS 


The Pale beds and the Foremost formation contribute more areal 
surface to the geologic map of southern Alberta than any others. How- 
ever, the writer knows of no place where a complete and unbroken section 
of either formation can be studied or measured, although there are many 
well-exposed partial sections. The most reliable, but indirect, measure- 
ments are those provided by the few deep wells which have penetrated 
the entire thickness of these beds. Two are present in the western part 
of the Cypress Hills on the east, and possibly there are not more than 
five adjacent to, but beyond, the western outcrops. Several others 
began only short distances below the top of the Pale beds and material 
from three of these, together with certain supplementary data, have also 
been used in the preparation of this paper. 
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Fic. 3.—Index map of Lethbridge-Brooks area, showing locations of wells and 
areal geology. 
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All the wells from which the information for the accompanying 
sections was secured are located near the western limit of the Pale beds 
outcrops and, with their respective locations, are shown on the index 
map (Fig. 3). Most of these holes were sunk as deep tests for oil and 
gas. In every well, drills of the standard, cable-tool type were employed. 

These bore holes are situated along an irregular northeast-southwest 
line, the ends of which are 65 miles apart. The line of section is on the 
northwest flank of the Belly River arch and is approximately parallel 
with the general strike of the formations. 

The information used in the preparation of the sections was derived 
from examinations of the recovered rock samples. As the basic data are 
dependent on well cuttings, allowances must be made for possible inac- 
curacies in reported depths, differential resistance to abrasion, percentage 
recovery of the respective sediments, and for some unavoidable caving 
of formation. The personal element must also be considered, particularly 
as applied to the recognition and determination of the relative amounts 
of the constituent materials. 

Texas Imperial No. 1.—This well, which is at the southwestern end 
of the section, begins in the Pale beds some distance below the top. A 
comparison of the log of this well with that of the near-by Breweries well 
suggests that about 65 feet of the highest Pale beds section is missing, 
thereby accounting for the fact that no coals of the Lethbridge measures 
were encountered. The remainder of the Pale beds section consists of 
gray and greenish gray shales and sandstones. 

Of the 410 feet classed as Foremost sediments, dark gray shales 
with small amounts of sand predominate. In this well the lower part of 
the McKay coal measures is best developed. The basal stratum is a 
carbonaceous shale with only a small amount of sand. 

Lethbridge Breweries No. 1.—The top of the Pale beds is marked by 
the well developed Lethbridge coal measures. The remainder of the 
740 feet of this formation consists of gray and greenish gray alternating 
sandstones and shales. 

To the Foremost formation has been allotted 410 feet of dark 
gray sediments consisting chiefly of shale with some subordinate amounts 
of sand. The lowest coals of this formation are distributed through a 
vertical distance slightly in excess of 100 feet. In this hole the upper 
members of these coal measures are the best developed. The base of the 
formation contains a considerable amount of sand. 

Lethbridge City well (L. S. 14, Sec. 31, T. 8, R. 21, W. of 4th Mer.).— 
This well, which is situated about % mile from the Breweries well, en- 
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countered 299 feet of overburden, according to Dowling’s' published log. 
Evidently all of the coal of the Lethbridge measures was entirely eroded 
at this location. A correlation of the log of this well with that of the 
near-by Breweries well indicates that approximately the upper go feet 
of Pale beds sediments is missing from the former. As the City well does 
not record any coal of the McKay horizon near the base of the Foremost 
formation, no correlation of this part of the section is attempted. 

Monarch No. 2.—At the top of the Pale beds are the persistent 
Lethbridge coal measures. The thickness of this carbonaceous zone is 
much less in this well than it is in the others of this area. The 760 feet 
assigned to the Pale beds consists chiefly of gray shales and sandstones 
with considerable amounts of calcareous matter. 

The lower 395 feet of section has been assigned to the Foremost 
formation. It consists of dark gray shale and sandstone with the coal 
seams in the lower part. The base is marked by a thin sandstone. The 
division between the Pale beds and the Foremost in this well is less dis- 
tinct than in the others and the point of contact has been arbitrarily 
selected. 

Keho No. 1.—The top of the Pale beds is marked by a very thin 
sandstone which is a few feet above the coal seams. The remainder of 
the 680 feet consists of alternating gray shales and gray to greenish gray 
sandstones. A little ironstone is present near the top and considerable 
amounts of calcareous matter and bentonite are distributed through the 
column. 

The next 390 feet is classed as Foremost and consists almost entirely 
of dark gray, slightly sandy shale with considerable amounts of ironstone, 
fossil shells, and some bentonite with the coals of the McKay horizon 
near the base. 

Champion No. 1.—The first 600 feet of strata below the Bearpaw 
shale has been classed as Pale beds. At the top of the formation are the 
ordinary coal seams and below these are a series of gray and greenish 
gray sands and shale containing some calcareous matter. 

The 400 feet allotted to the Foremost formation consists almost 
entirely of dark gray sandy shale with some coal seams, notably near 
the top and bottom, and with a 1o-foot bed of sand at the base. Thin 
ironstone and bentonite bands are also present. 

Eyremore No. 1.—This well begins in a small inlier of Pale beds, a 
short distance below the top of that formation. A very reliable estimate 


'D. B. Dowling, “‘The Southern Plains of Alberta,’”’ Geol. Survey of Canada Mem. 
93 (1917), P. 96. 


a 


| 

| 

| 

| 

| 

} : 


1206 DELMER L. POWERS 


concerning the amount and character of the eroded part is possible, as 
many test holes were drilled in the immediate area surrounding the deep 
well location. Most of these penetrated the lower part of the Bearpaw 
shale and some distance into the underlying formation. 

At the top of the Pale beds is about 5 feet of light gray sandstone 
accompanied by a little shale. Then follows a 50-foot section of shale 
which here contains, as a rule, three or four coal seams. As shown by 
the graphic section, the lowest of these coal seams was encountered near 
the surface in the Eyremore well. Therefore it is evident that approx- 
imately the upper 45 feet of Pale beds has been eroded at this site. 

Below the coal measures is 550 feet of gray and greenish gray sands, 
shales, and varying mixtures of these, together with some calcareous and 
here and there a little carbonacous material. The next 420 feet of section 
is dominantly medium to dark gray shales with coal beds near the top 
and bottom. Intervening carbonaceous matter, bentonite, and iron- 
stone are also present, and a 10-foot sand marks the base. According 
to this information the Pale beds would have a calculated thickness of 
605 feet. The lower 420 feet of strata has been assigned to the Foremost 
formation. 

Brooks No. 1.—This well is 22 miles from Eyremore No. 1 and is at 
the northeastern end of the section. As at Eyremore, this well began 
some distance below the top of the Pale beds. The upper 470 feet consists 
chiefly of gray and greenish gray sands and sandy shales. The next 375 
feet consists almost entirely of dark gray and brown shales with coal 
beds near the top and bottom. 

A correlation of the log of this well with that of Eyremore No. 1 
suggests that as much as 135 feet of upper Pale beds may have been 
present but subsequently was eroded at the Brooks locality. The com- 
plete section of the Pale beds would have an estimated thickness of 
about 605 feet. The lower 375 feet of strata is classed as Foremost. 


CORRELATION OF WELL SECTIONS 


Pale beds.—The top of the Pale beds is marked by the Lethbridge 
coal horizon which, as a rule, occupies 50 or 60 feet of section. The sed- 
iments below these coals consist chiefly of gray and greenish gray sand- 
stones and shales with variable amounts of calcareous, carbonaceous, 
and bentonitic matter. 

With the exception of the coal series at the top, it is impossible to 
correlate with certainty any of the strata in the entire group of sections. 
Correlations of individual strata even between adjacent wells are ex- 
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tremely hazardous. Although some beds seem to be represented in ad- 
jacent sections, there are as many others that evidently have no corres- 
ponding equivalents. This tends to cast considerable doubt on the 
apparent correlations and suggests that possibly the correlated beds are 
only lenses which coincide in the sections, rather than representatives of 
continuous strata. 

The well logs indicate that in general the Pale beds in the southwest 
contain considerably more sand and less shale and colloidal material 
than they do in the northeast. 

It is also a noteworthy fact that the formation is thicker in the 
southwest and thinner in the northeast. In the Lethbridge district the 


Fic. 5.—Looking northeast across Oldman River at upper Foremost strata ex- 
posed in SE. %, Sec. 18, T. 10, R. 16, W. of 4th Mer., near Taber, Alberta. Taber coal 
seam may be seen about half-way up exposed section. 


thickness is 740 feet and at the Eyremore well it is 605 feet. This rep- 
resents a thinning of 135 feet in 57 miles, or an average decrease of 2.4 
feet per mile in a northeasterly direction. 

The coal series at the top of the formation occupies a restricted 
part of the section and has a wide lateral distribution; hence it is very 
dependable for correlation. 

Foremost.—In nearly half the wells a coal series, which is probably 
the equivalent of the Taber horizon, is present at or near the top of the 
formation. In contrast to the materials of the overlying strata the Fore- 
most beds are composed chiefly of dark gray shales with subordinate 
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amounts of sand. At intervals throughout the section are found carbon- 
aceous material and some ironstone, fossil shells, and other accessory 
materials. At or near the base of the Foremost is the widespread McKay 
coal horizon. The greatest development of coal does not invariably 
occur at the same corresponding position but may be distributed through 
as much as 120 feet of section. The main coal beds of this series are 
nearly everywhere accompanied by prominent seams of bentonite. 
Four of the well sections show sand beds at the base of the formation. 
However, this sandstone is not laterally persistent and its thickness is 
not uniform. 

The Foremost sediments, as a whole, are very lenticular and the most 
definite horizon that can be correlated with certainty throughout the 
entire group of wells is the basal coal measures. 

As shown by the sections, the thickness of the formation is generally 
uniform and does not vary greatly from 4oo feet within the area consid- 
ered. The greatest change occurs between the Eyremore and Brooks 
wells, where thinning toward the east amounts to 45 feet in the 22 miles. 

The contact with the Pale beds is gradational rather than abrupt 
and can not be used as a horizon for detailed mapping. However, for 
. general correlation, it can, as a rule, be fixed within workable limits. 

With reference to the upper limit of the Foremost beds, Dowling! 
states: 

The top of the formation is placed generally as a certain coal seam that in 
various places is important enough to be mined. As the seam is not confined 
to any exact position in the upper part of the formation this horizon marker 


is not strictly the top of the formation and the apparent thickness of the di- 
vision may for this reason appear variable. 


There is a decided change from the dark gray and tawny coal-bearing 
shales and sandstones of the Foremost to the lighter gray and greenish 
gray, highly arenaceous sediments of the Pale beds, and these distinctions 
are probably more dependable than the presence or absence of a minable 
coal seam. 

The coal measures near the base of the Foremost, although somewhat 
variable in their position of greatest development in the section, are 
widely distributed and are very useful as a horizon for correlation. 


REGIONAL CHARACTERISTICS 


Throughout much of the foothills belt of southern Alberta the Belly 
River formation has a thickness of about 2,000 feet. These sediments 


1Op. cit., p. 37. 
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consist largely of fresh- and brackish-water deposits of light greenish 
clays and shales, gray and greenish thin-bedded and massive, coarse- 
grained sandstones, and some conglomeratic sandstones. Most of these 
sediments are the western equivalents of the Pale beds and the Foremost 
formation. Toward the east the sediments become finer-grained, and 
continuous beds of conglomerates are absent in the plains. 

The Pale beds and the Foremost formation (Judith River beds) 
thin considerably from west to east. The isopach map (Fig. 6) showing 
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Fic. 6.—Generalized isopach map of combined Pale beds and Foremost forma- 
tion in southern Alberta. 


the combined thickness of the two formations, indicates that a thinning 
of about 600 feet occurs in the distance of 125 miles from Macleod to 
Medicine Hat. This represents an average decrease in thickness of ap- 
proximately 5 feet per mile. 


GEOLOGIC HISTORY 


Foremost.—Foremost time was inaugurated in this area by the 
gradual recession of the Pakowki (Claggett) sea. This is marked in 
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some localities by what is interpreted as a thin beach sand, but at other 
places this sand is not present and the transition from the marine shale 
is indicated by poorly sorted silts and a thick series of coals and other 
carbonaceous material. These facts suggest the presence of a broad, 
low, and relatively flat plain, the seaward edge of which was extremely 
irregular. This swampy coastal area evidently supported a dense veg- 
etation, much of which became submerged, thereby escaping oxidation. 
This was then covered by sediments and finally carbonized. Across this 
low, marshy area, sluggish streams, which had their sources in some 
western land mass, meandered and carried their fine sediments eastward 
toward the shallow epicontinental sea. Lakes, lagoons, and embayments 
were undoubtedly numerous and these probably provided the means by 
which contemporaneous sediments were deposited under fresh-water, 
brackish-water, and marine conditions in contiguous localities. 

Some changes of minor importance probably affected the drainage 
at times, for here and there in the section considerable amounts of sand 
are present. Although much carbonaceous material is present in the 
sediments, there was a return to more favorable coal-forming conditions 
in a part of the area, near the end of this period of deposition. 

The evidence does not indicate that any decided uplift occurred 
during this time, but on the contrary it is more probable that the sea 
was forced to retreat eastward by the advance of the wide front of co- 
alescing deltas. The rates of subsidence and sedimentation seem to have 
been approximately the same, thereby maintaining the plane of deposi- 
tion at or near sea-level throughout Foremost time. 

Pale beds.—The landward side of the broad coastal plain was sub- 
sequently raised so that the drainage slope was materially increased. 
This marked the beginning of Pale beds time. The steeper gradient in- 
creased the transporting power of the streams and much sand was 
carried along with the finer materials. Alternations of shale and sand- 
stone indicate somewhat erratic conditions of deposition. 

A noteworthy part of the Pale beds has a greenish gray color which 
is probably due to the presence of ferrous iron compounds. This sug- 
gests that conditions prevailing in the contributory land mass were not 
favorable to oxidation or that erosion was very rapid. 

The tilting of the coastaf plain probably caused the disappearance 
of the larger lagoons and deep embayments and resulted in a less sinuous 
coast line. 

The character and composition of the poorly sorted sediments and 
the very lenticular form of the strata indicate that for the most part 
they were deposited under fresh-water conditions in lakes and deltas. 
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Carbonaceous material is present here and there, but general ab- 
sence of coals in the greater part of the section may have been caused 
both by a decrease in the amount of vegetation and by the lack of favor- 
able conditions for accumulation and preservation. 

Nearly at the close of the age, the landward side of the coastal 
region evidently sank, thereby resulting in a broad, flat plain slightly 
above sea-level. Swamp conditions with dense vegetation were reéstab- 
lished, which again resulted in the wide deposition of a series of coal beds. 

The final advance of the Pierre (Bearpaw) sea is marked at some 
localities by only a very thin sandy transition zone. The lack of prom- 
inent littoral deposits throughout a wide area indicates an extensive 
submergence of low lands. This closed the Pale beds epoch. 


AGE OF FORMATIONS 


Dowling,' in describing the geology of the southern part of the 
province, lists and illustrates by means of excellent plates. many Pale 
beds and Foremost fossils. 

Williams and Dyer,’ in their treatment of the geology of this same 
area, discuss the paleontology and correlations of the Pale beds and the 
Foremost at some length. They also present extensive lists of fossils 
which have been described from the formations. 

Perhaps the best evidence for fixing the age of the Pale beds and 
Foremost sediments is the fact that they are situated in the stratigraphic 
column between the Pakowki and Bearpaw shales, both of which contain 
invertebrate marine faunas of Montana Cretaceous age. 


SUMMARY AND CONCLUSIONS 


1. The terms Pale beds and Foremost have been clearly defined and 
applied to mappable lithologic units in southern Alberta for many years. 
These names have also become firmly established in the literature and 
should be retained as names for the respective formations. 

2. The Foremost formation consists largely of brackish-water, 
lagoonal deposits, among which dark gray shales with considerable 
amounts of carbonaceous matter predominate. 

The Pale beds consist chiefly of fresh-water deltaic deposits of light 
gray shales and sandstones with some carbonaceous material. The 
amount of sand in the section decreases from southwest to northeast. 


( 'D. ye Dowling, ‘The Southern Plains of Alberta,” Geol. Survey of Canada Mem. 
93 \1917). 


2M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930). 
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3. Persistent coal measures at the base of the Foremost formation 
and at the top of the Pale beds are very useful for correlation (Fig. 4). 

4. No complete exposed sections of either the Pale beds or the 
Foremost formation are known in southern Alberta. Therefore, the most 
accurate information regarding thicknesses is provided by some wells 
that have entirely penetrated the formations. The thickness of the 
Pale beds near Lethbridge is 740 feet and at Eyremore, 57 miles north- 
east, is 605 feet. The thickness of the Foremost in most of this area is 
about 400 feet, but a considerable thinning northeastward probably 
occurs between Eyremore and Brooks. 

5. The combined thickness of the two formations also decreases 
from west to east. This thinning amounts to about 600 feet in a distance 
of 125 miles (Fig. 6). Coarse, conglomeratic sandstones which are present 
in the Belly River formation of the foothills are absent in the equivalent 
sediments of the plains on the east. These variations in the thickness 
and composition of the formations indicate that the source of the sed- 
iments was in some land mass west of the epicontinental sea. 

6. As the Pale beds and the Foremost formation occupy that part 
of the column between two marine formations which contain Montana 
Cretaceous fossils, they necessarily are of the same age. 
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SEDIMENTS OF MONTANA AGE IN MILK RIVER RIDGE 
REGION, ALBERTA! 


B. F. HAKE? and CARL C. ADDISON: 
Calgary, Alberta 


ABSTRACT 


In this paper are presented the detailed stratigraphy of the marine Bearpaw 
shale, 690 feet thick, and the underlying continental Pale beds and the Foremost for- 
mation, which have a combined thickness of 1,225 feet. From surface information 
and well samples these formations are subdivided into several zones which permit 
detailed correlations. 

These sediments record that the western shore line of the Montana sea receded 
before the advance of the continental deposits which compose the Pale beds and the 
Foremost. A subsequent westward marine transgression, probably the result of 
crustal warping, is recorded by the Bearpaw shale. 


INTRODUCTION 


The data presented in this paper were collected in an area which rs 
extends along the southern flank of the Milk River Ridge and northward -) 
into the drainage system of Pothole Creek (Fig. 1). 

The formations here described underlie the Fox Hills sandstone and 
are underlain by the Pakowki shale. They are divided into three forma- 
tions. The highest of these is a marine shale known as the Bearpaw . 
formation. Below the Bearpaw is a series of continental sediments,‘ . 
of which the upper part is named the Pale beds and the lower the Fore- a 
most formation. made 

In the opinion of the writers the term “ Pale beds”’ is not satisfactory 
as a formation name, but since it has been widely used in the geologic 
literature of Alberta, and also because it is difficult to choose a satisfac- 
tory type locality for the formation, the established terminology is here 
employed. 

"Read before the Alberta Society of Petroleum Geologists at the Calgary meeting, 


January 17, 1931. Manuscript received, May 18, 1931. Published by permission of 
Nordon Corporation, Ltd. 


Chief geologist, Nordon Corporation, Ltd. 
3Geologist, Nordon Corporation, Ltd. 


Po 4 Dowling, ‘The Southern Plains of Alberta,’ Geol. Survey of Canada Mem. 
93 (1917). 
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Fic. 1.—Index map of part of southern Alberta showing area considered. Width 
of each township and range, approximately 6 miles. 


The equivalents of these formations have been mapped in Montana 
on both the eastern and western flanks of the Sweetgrass arch. In both 
of these areas the Bearpaw shales are recognized and are so named. 
The equivalent of the combined Pale beds and Foremost formation in 
Montana is the Judith River formation. The Two Medicine formation 
of the western flank of the Sweetgrass arch includes the equivalents of 
the Pale beds, the Foremost, and a considerable additional thickness of 
underlying sediments. These relationships are shown in Figure 2. 

The information here presented is derived from two sources, surface 
observations and examination of well samples. The combination of 
these two methods of investigation is necessitated in the plains of Al- 
berta because in large areas the significant rocks are concealed by glacial 
drift. About two-thirds of the data were obtained by examinations of 
samples collected from wells drilled to obtain structural data. Churn 
drills and a jetting machine were used in this work. A sample was taken 
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Fic. 2—Correlation chart of Montana Cretaceous formations in Alberta and 
Montana. 


from each 4 feet of hole, and the utmost care exercised in collecting and 
examining the cuttings. The conclusions here presented are the result 
of both microscopic and megascopic examination of the samples. 

The remainder of the information is the result of plane-table sur- 
veys. The stratigraphic thicknesses computed by this method are be- 
lieved to have a somewhat lower degree of accuracy than those derived 
from well logs, on account of the discontinuity of outcrops which neces- 
sitated the projection of dips. 

It is estimated that thicknesses of individual members of formations 
are accurate within 4 feet where the data were derived from wells, but 
where obtained by surface measurement it is considered that there may 
be a maximum error of 10 per cent. 
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DESCRIPTION OF FORMATIONS 


Foremost formation.—The Foremost formation is known in this area 
only from well samples. By correlation of drill holes it is calculated that 
the formation has a local thickness of 350 feet. The lower of two beds 
of fairly well sorted subangular sand (Fig. 3) is taken as the basal member 
of the formation. These sands are regarded as the record of beach con- 
ditions during the regression of the sea in which the underlying Pakowki 
shale was deposited. 

The Foremost is a series of very carbonaceous shales with plentiful 
invertebrate fossils, with seams of bentonitic clay, and many thin 
lenticular sandstones. The sands are uniformly fine and poorly sorted; 
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Fic. 3.—Columnar section of Pale beds and Foremost formation in Milk River Ridge region, Alberta. 
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the shales in most places contain notable amounts of fine silt. The great- 
est observed thickness of a single sandstone is 30 feet. A few concretions 
or lentils of limestone have been encountered, but these do not seem to be 
either plentiful or continuous. The plant fragments contained in these 
sediments, though generally carbonized, are locally replaced by pyrite. 
The lower part of the formation is more sandy than the upper. 

The separation between the Foremost and the overlying Pale beds 
was conceived by earlier workers to be a separation between lignitic 
beds below and non-lignitic beds above. Dowling" says: 

The top of the [Foremost] formation is placed generally as a certain coal 
seam which in various places is important enough to be mined. As the seam is 
not confined to any exact position in the upper part of the formation, this 


horizon marker is not strictly the top of the formation, and the apparent thick- 
ness may for this reason appear variable. 


He adds in a later paragraph: 


In the Lethbridge well section there is about 350 feet of beds which pos- 
sibly should be included in the formation; but at Taber, where the section is 
much more definite, the thickness is only 300 feet at most. 


In a later publication, however, Dowling? and others interpret the 
log of a well drilled at Taber as demonstrating that the Foremost for- 
mation has a local thickness of 326 feet. 

In the wells which yielded the data used by the writers, the top of 
the Foremost formation is placed at a point above which the sediments 
are chiefly light-colored sands and clays with many beds and stringers 
of fresh-water limestone, below which the beds are notably fine- 
grained and dark, contain much lignite, and are notably lacking in lime 
content. This method of separation gives the Foremost formation a 
thickness in the Milk River Ridge region of 350 feet, comparing favor- 
ably with the foregoing figures. 

Pale beds.—The total thickness of sediments here assigned to the 
Pale beds is 875 feet. These rocks are chiefly gray to green sandstones 
and shales, with limestone lentils and nodules (Fig. 3). Plant impres- 
sions and small fragments of carbonized wood are present in some strata, 
but the series as a whole is not very carbonaceous. Bones of vertebrates, 
shark teeth, and shells were found in the outcrops of the formation, and 
invertebrate fossils were present in considerable numbers in many of 
the well samples. 


cit., p 37. 


2D. B. Dowling, S. E. Slipper, and F. H. McLearn, “Investigations in the Gas 
and Oil Fields of Alberta, Saskatchewan and Manitoba,”’ Geol. Survey of Canada Mem. 
116 (1919). 
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The lower 350 feet of the Pale beds is not exposed along the North 
Branch of Milk River, but is known to the writers from drill holes. This 
part of the section consists of alternating sandstones and shales, with a 
few thin limestones. The exposed part of the formation, 525 feet in 
thickness, was measured by the writers along the course of the North 
Branch of Milk River in parts of T. 2, R. 19, 20, and 21, W. of 4th Mer. 
It consists of cross-bedded sandstones and light gray shales, with many 
thin limestones. 

The surface rocks of this area are mapped as St. Mary River forma- 
tion on the Calgary Sheet, Geologic Map 204 A, Geological Survey of 
Canada. ‘The writers are obliged to disagree with this representation, as 
they have confirmed the opinion held by Dawson and McConnell,' who 
stated that the rocks which crop out along this part of the North Branch 
of Milk River “belong to the pale upper portion of the Belly River series 
and underlie the Pierre shales.” The contact of the Pale beds and the 
overlying Bearpaw is exposed on the north bank of Milk River near the 
north line of Sec. 3, T. 2, R. 21, W. of 4th Mer., in which locality the con- 
tact dips southwestward at the rate of about 150 feet per mile. No 
Bearpaw shale is known to the writers at any point in Alberta along 
Milk River east of that locality. Moreover, the holes drilled under 
their supervision have demonstrated that the Bearpaw is not present 
as shown on Map 204 A in Range 20, between the North Branch and the 
South Branch of Milk River. 

The formation can be subdivided into four distinct zones. The 
lowest is a shale zone 200 feet thick, bearing many thin limestones but 
only a few sandstones, and is characterized by the occurrence of thin 
carbonaceous beds which decrease in number, thickness, and carbon 
content from bottom to top. Above the lowest is a zone about 220 feet 
in thickness, also consisting of alternating sandstones, shales, and thin 
limestones. It is characterized, however, by the presence of massive 
sandstones and by the absence of lignitic beds. The upper 80 feet of 
this zone is exposed on the North Branch of Milk River. 

The upper 455 feet of the formation is divided into two zones. The 
lower, 175 feet thick, is predominantly shaly and contains plentiful thin 
limestones. The upper zone has a thickness of 280 feet and contains 
more sandstones than shales, whereas limestones are almost lacking. 

Almost one-fourth of the exposed section of Pale beds consists of light 
gray, lenticular sandstones. These are fine-grained, ill-sorted, and in the 

1G. M. Dawson and R. G. McConnell, “Report on the Region in the Vicinity of 


the Bow and Belly Rivers, North-West Territories,” Geol. and Nat. Hist. Survey of 
Canada (1884), p. 37-C. 
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main poorly cemented. They occur in beds ranging from a few inches to 
6 or 8 feet in thickness. Contemporaneous sandstone conglomerates 
bearing fragments and pellets of shale occur at intervals throughout the 
section. 

The shales, which constitute the bulk of the remainder of the ex- 
posed section, range from pure clay shales to sandy shales and siltstones, 
and do not crop out extensively. Colors range from light greenish gray 
to dark gray and purple, but light colors predominate. Weathering 
obscures the bedding of the shales and some outcrops are made white 
by a chemical efflorescence on the surface. 

Interstratified with both shales and sandstones are many nodular 
limestones, which are regarded as of fresh-water origin. Generally these 
beds are thin, their average thickness being approximately 6 inches, but 
locally they attain thicknesses of 3 or 4 feet. Although they are un- 
doubtedly lenticular, some of these limestones show a distinct tendency 
to persist laterally, a few localities being known to the writers where 
individual thin outcropping beds can be traced for distances of nearly 1% 
mile. The limestone composing these stringers is gray when freshly 
broken, but commonly weathers to deep reddish brown. Many of them 
have an almost flinty hardness and as a result crop out in weathered 
cuts and grass-covered hill slopes where no other exposures occur. Car- 
bonaceous material is scarce in the exposed part of the formation. 

The Lethbridge coal zone, recognized as marking the top of the 
Pale beds in southern Alberta, is represented on the North Branch of 
Milk River by a zone of sandy and carbonaceous shales and thin lignites. 
This zone crops out in Sec. 3, T. 2, R. 21, W. of 4th Mer. The exposure 
was examined by the junior writer and S. B. Jones, and the following 
section measured. 

Bearpaw Shale Feet Inches 

Dark gray, uniform, very slightly sandy shale ° 

Sandy, very glauconitic shale, weathering yellow 2 

Dark gray, sandy, micaceous shale. Bedding indistinct. Plant fossils 

Hard, gray, fine-grained sandstone, weathering yellow. Plant remains 


Pale Beds 

Black, very lignitic shale, sandy at top 
Gray, fine-grained sandstone, weathering yellow. Plant fossils... ... 
Shaly sandstone, weathering yellow 
Gray shale 
Black, very carbonaceous paper shale. Plant remains 
Bone-gray, thinly laminated cross-bedded sandstone 
Dark gray shale, bearing plant remains................... 
Bone-gray, thinly laminated, cross-bedded sandstone with carbonacous 

shale breaks 
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Test wells which penetrated the contact in two localities at dis- 
tances ranging from 5 to 8 miles from the exposures described in the 
foregoing section revealed very similar sequences. In all of the three 
localities where the contact was studied a sandy glauconitic bed occurs 
approximately 20 feet above the highest lignitic bed. 

Bearpaw shale-——The Bearpaw shale crops out at a few localities 
within this area and has been recognized southward far beyond the 
International Boundary and northward as far as Red Deer River. In 
the Milk River Ridge area a maximum thickness of 690 feet is calculated 
for the Bearpaw from test-well correlations. Some holes indicate less 
thicknesses for the formation, but the reasons for these variations are 
not yet evident. 

The Bearpaw formation may be described as consisting throughout 
of uniform dark gray fossiliferous shale, but variations from pure clay 
shale to siltstone and sandy shale occur. Bentonitic seams are also nu- 
merous. The generalized sequence is shown in Figure 4. 

Above the 20-foot sandy zone which constitutes the base of the 
formation there is a thickness of 140 feet of gray shale without any dis- 
tinguishing characteristics. It is sparingly fossiliferous. At the top of 
this zone is a bentonite seam which has indications of being persistent. 
The 80 feet of shale immediately above this bentonite is locally sandy 
but seems to contain no persistent sand strata. 

Test-well correlations show that the persistent silty and sandy beds 
are restricted to a zone about 150 feet thick, the base of which lies ap- 
proximately 240 feet above the base of the formation. This zone was 
found to be continuous between two localities 10 miles apart, but other 
sandy members of the formation are too lenticular to be depended on 
for more than local correlations. All of the samples from the sandy and 
silty beds contained more or less glauconite. 

Bentonite characterizes the upper half of the Bearpaw formation. 
Many of the beds seem to be discontinuous and erratic. Several indi- 
vidual bentonite beds were found to be continuous within the area of a 
single drilling project. A very bentonitic zone, 16 feet thick, immediately 
above the most persistent silty horizon, and maintaining a seemingly 
uniform position with respect to the top and bottom of the formation, 
was identified in nine out of ten holes, although the wells were drilled 
in two groups 10 miles apart. 

Limy concretions or stringers are distributed throughout the sec- 
tion. In one group of holes these concretions were notably more plentiful 
in a zone about 75 feet thick and 108 feet below the top of the formation. 
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The upper 108 feet of the formation consists of uniform dark gray 
shale with some fossils and many erratic unimportant bentonites. The 
contact with the overlying Fox Hills sandstone is sharp. 


HISTORICAL GEOLOGY 


The history of Foremost time in this area begins with the recession 
of the Pakowki (Claggett) sea. That the withdrawal of these marine 
waters was an oscillatory process is shown by the presence of two dis- 
tinct sands separated by a thickness of slightly carbonaceous shale. 
During Foremost time the drainage systems of the coastal plain were 
incapable of carrying any coarse sediments or of effectively sorting those 
which were deposited. The terrain must have been almost flat, very 
poorly drained, and nearly covered by rank vegetation. Estuaries and 
shallow embayments probably extended far inland in some places, re- 
sulting in simultaneous deposition of fresh- and salt-water deposits in 
adjacent areas. 

It seems probable that Foremost time was not inaugurated by tec- 
tonic uplift, but that the Pakowki sea was driven eastward by an ad- 
vancing fringe of coalescing deltas, while regional subsidence kept ap- 
proximate pace with deposition, thus maintaining a broad coastal plain 
approximately at sea-level, while 350 feet of sediments were there de- 
posited. 

During the deposition of the Pale beds, the plain was raised somewhat 
above sea-level so that the drainage and aeration of the soil were im- 
proved, and far less carbonaceous matter was preserved. Probably the 
cover of vegetation became less dense. The streams of this terrain were 
at first very sluggish, for the lower 200 feet of sediments of the Pale beds 
consists of shales and fine silts, not materially coarser than those of the 
Foremost. 

Subsequently for a time the streams had a notably increased trans- 
porting power, for more than 50 per cent of the succeeding 220 feet of 
sediments are massive sandstones. During this time the terrain was much 
better drained than before, as the deposition of coal became sporadic and 
finally almost ceased. 

The succeeding 175 feet of sediments record a time when the streams 
once more became sluggish and deposited chiefly mud and silt. However, 
coal-swamp conditions were not generally reéstablished in the area at 
this time, for the sediments of this part of the column do not contain 
much carbonaceous material. 

During late Pale beds time the land was so well drained that or- 
ganic matter generally became oxidized rather than carbonized. During 
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this time 280 feet of sediments accumulated which differ from those on 
which they rest only in that they contain less carbon and a greater pro- 
portion of sand. It was not until immediately before the advance of the 
Bearpaw sea that extensive coal swamps were again established. 

The wide distribution of the thin series of lignitic sediments which 
marks the top of the Pale beds indicates that the terrain must have been 
exceedingly flat in a very large area. This sudden recurrence of wide- 
spread swamp conditions strongly suggests that the region was tilted 
westward and that the effectiveness of the drainage was thereby de- 
stroyed. 

The advance of the Bearpaw sea is recorded only by a thin and in- 
significant bed of beach sand. This absence of important littoral de- 
posits at the base of the Bearpaw shows that the region was suddenly 
inundated by marine waters, probably as a result of subsidence. 

The Bearpaw shale is a record of remarkably uniform marine con- 
ditions during a considerable time, which ended with the retreat of the 
Bearpaw sea and deposition of the beach sand of the Fox Hills forma 
tion. 
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BEARPAW SHALE AND CONTIGUOUS FORMATIONS IN LETH- 
BRIDGE AREA, ALBERTA' 


THEODORE A. LINK? and A. J. CHILDERHOSE; 
Calgary, Alberta 


ABSTRACT 


The Bearpaw shale of the Lethbridge area is 726 feet thick. It contains at least 
twenty-two bentonite beds, three distinct sandstone phases, which have been named 
for local usage, a glauconite sand, and two zones with exceptional profusion of fossils. 
The overlying Fox Hills sandstone has a thickness of 142 feet, and consists primarily 
of one unbroken sequence of coarse, massive, greenish sandstone which weathers buff, 
with an Ostrea coquina near the top. The Lethbridge coal measures of the upper 
Belly River series contain several coal seams, two of which are commercial. The top 
is marked by a thin, brown-weathering sandstone and locally an Ostrea coquina is 
found above the top coal bed. Descriptions of these formations, with stratigraphic 
columns and a brief historical sketch, are submitted. 


INTRODUCTION AND ACKNOWLEDGMENTS 


The object of this discussion is to present a detailed stratigraphic 
column of the Bearpaw shale, the overlying Fox Hills sandstone, and 
the underlying coal measures of the upper Belly River series. The 
stratigraphic column, as presented in this paper, was compiled from data 
obtained along Oldman and St. Mary rivers and their tributaries, and 
from several diamond-core drill holes sunk by the Commonwealth Pe- 
troleum Company, Limited, in the Blood Indian Reserve (Fig. 1). With 
permission of Senator E. Michener, president of the Commonwealth 
Petroleum Company, Limited, the results of the diamond-drill holes, as 
interpreted by the writers, are submitted. The codperation of Harry 
Inglis, consulting engineer for this company, is also acknowledged with 
thanks. 

LETHBRIDGE COAL MEASURES 


The change from the light or pale-colored sandstones and grayish 
shales of the upper part of the Belly River series (Pale beds) into the 


'Presented before the Alberta Society of Petroleum Geologists at the Calgary 
meeting, January 17, 1931. Manuscript received, May 18, 1931. Published by per- 
mission of O. B. Hopkins, chief geologist, Imperial Oil, Ltd., Toronto, and A. R. Wilson, 
manager, production division, Texas Company of Canada, Ltd. 

Geologist in charge, Imperial Oil, Ltd. 

3Geologist, Texas Company of Canada, Ltd. 
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overlying dark, navy-blue or steel-gray shales of the Bearpaw beds is 
well marked by the Lethbridge coal measures which crop out along Old- 
man and St. Mary rivers west and southwest of Lethbridge. Many 
measurements of excellent outcrops exposing the entire coal series were 
made and these were checked with the results obtained in the diamond- 
core holes. The Lethbridge coal measures, as defined in this paper for 
the Lethbridge area, consist of one main commercial seam which ranges 
from 4 to 7 feet in thickness and three other seams of coal ranging in 
thickness from 6 inches to 2 feet as shown in Figure 2. The Ostrea 
coquina which overlies the highest coal bed is not present everywhere 
in this area, but its thickness, where observed, ranges from a few inches 
to 3 feet. The brown-weathering ferruginous sandstone bed, which is 
considered the top of the Lethbridge coal measures, was found through- 
out this area and proved to be an excellent datum bed for structural 
work. It ranges in thickness from 8 inches to 2 feet and its top is re- 
garded as the base of the overlying Bearpaw shale. The interval from 
it to the upper 2-foot coal bed is notably constant. In fresh drill 
cores this bed has the same greenish gray appearance as the overlying and 
underlying sandy shales, but after the cores have been dried and exposed 
to several months’ oxidization, the brownish coloration becomes very 
noticeable. Other details of the Lethbridge coal measures may be studied 
in the several sections shown in Figure 2. 

At and near the Magrath mine on St. Mary River the Lethbridge 
coal measures contain more coal seams, none of which is more than 4 
feet thick. Due to the presence of the ferruginous brown sandstone 
member, this splitting of the coal beds does not hamper detailed struc- 
ture-contour work. 


BEARPAW SHALE (726 FEET) 


General statement.—According to Dowling,’ the Bearpaw formation 
“consists generally of dark shales holding a few ironstone nodules and 
a few fossils characteristic of the marine part of the Montana group.” 
He ascribed a thickness of 615-622 feet to the Bearpaw shale. The quo- 
tation cited, and a faunal list on pages 26-32 of the same memoir, repre- 
sent nearly all that had been published regarding the Bearpaw shale in 
the Lethbridge area, prior to the recently issued memoir by Williams and 
Dyer.? Most of the fossils listed in Dowling’s memoir were collected in 
areas many miles distant from Lethbridge. 

'D. B. Dowling, ““The Southern Plains of Alberta,”’ Geol. Survey of Canada Mem. 
93 (1917), P- 25. 


2M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,”’ Geol. Survey of Canada Mem. 163 (1931). 
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Fic. 3.—Cut-bank along St. Mary River near Magrath Mine showing ash bed A, 
brown sandstone bed B, and coal measures C. Minor faulting as shown in this picture 
is common in Bearpaw shale throughout Lethbridge area. (Photograph by Theodore 
A. Link.) 


Inasmuch as the writers of this paper have found certain definite 
lithologic units recognizable throughout the entire Lethbridge area, 
they believe that there is a possibility that some of these may be recog- 
nized in other parts of Alberta and Montana. For the present, the names 
applied to the three sandstone members or zones described in this con- 
tribution, are to be regarded as local, and pertaining to this area only. 

In broad terms, the Bearpaw shale may be divided into two parts, 
namely, the lower one-third, which is almost devoid of sands and contains 
well bedded darker shales, and the upper two-thirds, containing three 
distinct sandstone members or zones, and lighter bluish or steel-gray, 
somewhat sandy, shales. There are at least twenty-two distinct bentonite 
or volcanic ash seams and two distinct fossil zones within the Bearpaw 
shale. Ironstone and limy concretions are plentiful and many of them 
contain fossils. 

Bentonite beds.—It would be a tedious task to describe in detail the 
many bentonite beds of the Bearpaw shale. In fact, they all appear 
alike in the outcrops, except that they range in thickness from /% inch to 
8 inches. Those found bedded within the dark and purer shales are com- 
pact, have a soapy or greasy feeling, and a dark greenish or bluish tinge 
when extracted from the core barrel. After weathering they turn white. 


*W. H. Twenhofel, Treatise on Sedimentation (Williams and Wilkins Company 
Baltimore, 1926), p. 205. 
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This is contrary to the statement! that: ‘When pure and unweathered, 
bentonite has a white to cream color, but in weathering it becomes yellow 
to brown.” The fresh cores all show the bentonite beds to be so nearly 
the same color as the overlying and underlying strata that some beds 
might be overlooked on first examination. In churn drill or rotary holes 
the bentonite fragments, by absorbing water from the drilling fluid, and 
later drying, appear white. The brown and yellow coloring results from 
extensive weathering. The bentonite beds interbedded with the sandstone 
or sandy shale members have a lighter blue or greenish tinge. As these 
generally contain more mica (biotite), they have a less greasy feeling. 
Because of their impervious nature, considerable amounts of ground 
water collect on the upper surface of the bentonite beds. This water 
causes secondary or tertiary alteration of the bentonite. Variously 
shaped crystals and clusters of selenite are common in the shales over- 
lying and at the top surface of these bentonite beds. 

Inasmuch as bentonite is generally recognized as a volcanic ash 
deposit which accumulated by settling from the surface of the water to 
the floor of the sea, it is logical to expect exceptional continuity of such 
beds. An example of a single bentonite bed, having a north-south 
extent of 445 miles, is reported by Nelson." Many other similar citations 
are available, but are not included here. It is, however, desirable to 
refer to Sanderson’s? unpublished paper in which he reported an exten- 
sive distribution of ash beds within the Edmonton, as well as other for- 
mations of Alberta. One would expect, therefore, to find the bentonite 
beds in the Lethbridge area persistent, and correlation of them possible. 
Before having access to cores from the diamond-bore holes sunk by the 
Commonwealth Petroleum Company, Limited, the senior writer was 
successful in using five of the bentonite beds of the Bearpaw shales for 
structure-contour mapping. The location of some of the outcrops ex- 
posing these key beds, is indicated on the accompanying map (Fig. 1). 
Because of the difficulty in distinguishing one bentonite bed from another, 
it was necessary to measure the intervals between two, or preferably 
three such beds. The relationship of one bed with respect to overlying 
sandy phases or concretionary zones, also furnished sufficient data to 
establish its identity. An identical method was reported by Rankin® in 


'W. A. Nelson, ‘‘ Volcanic Ash Bed in the Ordovician of Tennessee, Kentucky, and 
Alabama,” Bull. Geol. Soc. Amer., Vol. 33 (1922), pp. 605-16. 


2J. O. G. Sanderson, “Upper Cretaceous Ash Beds in Alberta.” Read before 
the 1930 Annual Meeting of the Alberta Society of Petroleum Geologists, Calgary, 
Alberta. 


3C. H. Rankin, “Use of Thin Bentonite Beds in Mapping Structure, Rosencrans 
Area, Kansas and Colorado,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 8 (August, 
1930), Pp. 1065-70. 
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a paper which appeared only a month after completion of the work in 
the Lethbridge area. This method was also employed with success 
by the senior writer in the Bearpaw shale of the Manyberries area of Al- 
berta. 

The five beds used for such correlation, two of which are only a few 
inches apart, are indicated by the letters 4 to D in Figure 4. Those 
which were used in conjunction with the lettered beds are merely shown 
by symbols explained in the stratigraphic column. Many others less 
than 1 inch in thickness, and not observed in the outcrops, were found 
in the diamond cores of the test holes sunk in the Blood Indian Reserve. 

Because of the nature of these bentonite beds, it is obvious that core 
“twist-offs”’ are likely to occur along them. ‘This unfortunate mechan- 
ical difficulty must be closely watched by the geologist in charge of such 


Fic. 5.—Detail of bentonite or ash bed showing sharp contact with overlying 
and underlying shales. Scale represents 6 inches. (Photograph by Theodore A. Link.) 
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structure core drilling. As some of the thinner bentonite beds of the 
Bearpaw shale may have eluded detection from this cause, the number 
of these beds may be greater than twenty-two, as indicated in the strati- 
graphic column. Many examples of very bentonitic shale seams, a few 


Fic. 6.—Type locality of Magrath sandstone showing lighter color of this member 
exposed in lower half of cut-bank. (Photograph by Theodore A. Link.) 


inches in thickness, were also detected in the cores. The presence of a 
conspicuous glauconite sand 440 feet above the base of the Bearpaw shale 
is worthy of note. 

Magrath sandstone (Arctica sone).—A distinctly sandy zone, consist- 
ing of several members having an aggregate thickness of 62 feet, is present 
in the top part of the lower third of the Bearpaw shale (Fig. 4). The top 
of this sandy member is 272 feet above the base of these shales. An ab- 
normal profusion of well-preserved .[rctica ovata fossils characterizes 
this sandstone.' Arctica is present in other parts of the Bearpaw shale, 
but not in such profusion as in this sandstone. Every core hole and all 
the outcrops show the abnormal profusion of shells in sandstone concre- 


1M. Y. Williams and W. S. Dyer, op. cit., p. 38, recognize this “‘ Arctica ovata zone”’ 
on Oldman River, but place it only 170 feet above the base of the Bearpaw shale. 
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tions which consist almost wholly of these Arctica remains. The color 
of this sandy zone is light greenish, and when observed from a distance 
it can easily be distinguished from the underlying darker navy-blue and 
steel-gray shales. Locally it is coarse-grained and its recognition in core 
holes is easy. The type section of this sandstone may be observed on 
the south bank of St. Mary River % mile downstream from the mouth 
of Magrath Coulee. As another good section is exposed upstream in this 
coulee, the name “ Magrath sandstone” has been applied to it for local 
usage. Associated bentonite beds, as shown in Figure 4, are also a great 
aid in recognizing this .1rctica sandstone member of the Bearpaw shale. 


Fic. 7.—Concretion found in Magrath sandstone, showing profusion of Arctica 
shells. (Photograph by Theodore A. Link.) 


A similar sandy zone, containing Arctica in profusion and having almost 
the same stratigraphic position, was recognized by the senior writer in 
the Manyberries area, too miles east of Lethbridge. 

Kipp sandstone.—Four hundred and ten feet above the base of the 
Bearpaw shale is the top of a second distinct sandstone 4o feet in thick- 
ness.’ The double bentonite bed D lies between these two sandy zones 
(Fig. 4). This higher sandstone has been termed the “ Kipp sandstone”’ 
because of the excellent outcrop found on the north bank of Oldman 

'M. Y. Williams and W. S. Dyer, of. cil., p. 38, recognize this sandstone and state 


that the “ Baculiles compressus zone” lies “450 feet below the base.” They probably 
intended to say gbove the base of the Bearpaw shale. 
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River 114 miles southwest of Kipp Station. Placenticeras meeki (Boehm) 
fossils are found in profusion above and below this sandstone member. 
Some of these attain a diameter of 2 feet or more (Figs. 7 and 8). Ba- 
culites (B. ovatus) (Say) are also present in greater numbers than in 
other parts of the Bearpaw shale. A few Arctica were also observed. 
Both the Placenticera and Baculites are confined primarily to the shales 
lying between and above the sandstone members of this sandy zone. 
Many bentonite beds are found directly above the upper ledge of this 
sandstone, whereas for some distance below the main sandstone bed very 
few were observed in the outcrops and the diamond cores, as shown in 


Fic. 8.—Kipp sandstone at type locality on north bank of Oldman River. (Pho- 
tograph by Theodore A. Link.) 


Figure 4. Two distinct sandstone members are observable at the high 
cut-bank outcrop on Oldman River in Sec. 5, T. 8, R. 22, W. of 4th Mer. 
(Fig. 1). The lighter greenish blue tinge of this sandstone phase makes 
it easy to distinguish it from the overlying parts of the darker typical 
Bearpaw shale. The Kipp sandstone is coarse locally, and can readily 
be distinguished in the diamond cores. Thirty feet above its top a thin 
zone of glauconitic sand, about 3 feet thick, was observed in the core- 
holes and at some of the outcrops. 

Ryegrass sandstone.—That part of the Bearpaw shale above the Kipp 
sandstone shows considerable amounts of fine-grained, laminated sand- 
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stone interbedded with the shale, so that it is difficult to decide whether 
the beds are shaly sandstone or sandy shale, but the shale does predom- 
inate. However, one conspicuous, light greenish blue bentonitic sand- 
stone, with a dark blue 4-foot shale break, emerges 30 feet above the 
water level on the east bank of Oldman River, just above its junction 
with Belly River, in the form of a sharp fold. About 30 feet of this sand- 
stone is exposed during low water, but the diamond-drill holes reveal a 


Fic. 9.—Large Placenticeras meeki found in Kipp sandstone. (Photograph by 
Theodore A. Link.) 


section at least go feet of which is dominantly sandstone. This sandstone 
was seemingly mistaken by Dowling' for part of the Fox Hills sandstone. 
Its top is 642 feet above the base and 84 feet below the top of the Bear- 
paw shale. Williams and Dyer make no mention of this conspicuous 
sandstone member, and follow Dowling in ascribing a total thickness of 
625 feet to the Bearpaw shale. This sandstone is overlain by typical 
Bearpaw shale which becomes more sandy as the Fox Hills sandstone is 
approached. The sandstone is a bright, vivid bluish color, distinguishing 
it from any other bed in the entire Bearpaw section. It is easily recog- 
nized in the diamond cores where encountered below the overlying 


'D. B. Dowling, op. cit., p. 25. 
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typical dark blue Bearpaw shale. Because of the proximity of the pre- 
viously mentioned outcrop to the Ryegrass Flats, the name “ Ryegrass 
sandstone”’ has been applied to it (Fig. 1). There is no doubt that this 
sandstone could easily be used as the base of the Fox Hills sandstone or 
the Edmonton beds in churn drill and rotary cuttings. Locally it is very 
coarse, cross-bedded, and ripple-marked. Its presence may account for 
some of the lesser thicknesses ascribed to the Bearpaw shale in near-by 
areas. It is also very probable that westward from this area practically 
all of the section below the true Fox Hills sandstone, including the Rye- 
grass sandstone, might be logged as a part of the former, because of the 
change to sandy conditions in this part of the section. 


FOX HILLS SANDSTONE (142 FEET) 


The transition from Bearpaw shale to the overlying Fox Hills sand- 
stone is somewhat abrupt in the Lethbridge area. This is especially no- 
ticeable in the diamond-core records in which the contact can be estab- 
lished within an interval of 10 feet. The Fox Hills sandstone has a total 
thickness of 142 feet. Diamond core-drill records show it to be mainly an 
unbroken, continuous, massive bed of bright greenish sandstone from 
the base upward for 126 feet. A 2-foot carbonaceous shale break occurs 


Fic. 10.—Fox Hills sandstone as exposed along St. Mary River in Sec. 14, T. 6, 
R. 23, W. of 4th Mer. (Photograph by Theodore A. Link.) 
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at this point, which is overlain by 14 feet more of similar massive sand- 
stone containing numerous Ostrea fossils. Locally a true coquina is 
developed (Figs. 4 and 10). Twenty-six feet above the top of the Fox 
Hills sandstone is an 8-inch seam of highly carbonaceous shale or coal. 
Between this coal and the Fox Hills sandstone are laminated sandstones 
and dark blue, hackly shales, typical of the St. Mary River formation. 
The presence of the marine shells (Ostrea) above the first carbonaceous 
bed in the coarse sandstone identical with that of the main massive part, 
makes it necessary to include that part in the Fox Hills sandstone. 
The weathered Fox Hills sandstone is buff or yellowish brown, and 


discloses considerable cross-bedding and concretionary phases within 
the major massive part. These characteristics are not discernible in 
fresh cores. It weathers into castellated and large mushroom forms 
similar to the Virgelle sandstone. It is one of the most important horizon 
markers in southern Alberta. 

The diamond-core holes sunk east of the Fox Hills sandstone in the 
Blood Indian Reserve indicate the existence of a somewhat pronounced 
cuesta of this sandstone in pre-glacial time similar to the present Vir- 
gelle escarpment of northern Montana. 


STRATIGRAPHIC HISTORY 


The record of sedimentation in the Lethbridge area, as outlined in 
the foregoing pages, represents one complete cycle or “rhythm” of 
transgression and regression of the Pierre epicontinental sea. The record, 
which includes only one of the several advances and retreats of the Creta- 
ceous sea, begins and ends with the deposition of coal and Ostrea coquinas. 

Coastal lagoon de posits.—The record begins with a sea slowly advanc- 
ing over the previously deposited fresh-water and possibly sub-aerial 
sediments of the Pale beds (upper Belly River series). Coastal lagoons 
and embayments conducive to the accumulation of vegetable matter 
and brackish-water shells, such as oysters, existed along the shore line 
of the slowly advancing sea. Although such lagoons and embayments 
were not, at a specified time, of province-wide extent, they fringed the 
shore line for many miles. Some of the Lethbridge coal seams, especially 
the lower seams, may also represent peat accumulations in fresh-water 
lakes and swamps, which were later inundated by the advancing sea 
waters. As the shore line advanced, brackish-water lagoons and em- 
bayments came into existence along a new belt, again fringing the ad- 
vanced shore line. In this manner successive coalescing belts of coal and 
Ostrea coquina, and behind them true marine shales, were deposited by 


i 


BEARPAW SHALE IN LETHBRIDGE AREA 1241 


the advancing sea. Therefore, the Lethbridge coal measures represent 
not one province-wide time period of deposition, but a transgressive 
sheet, younger on the northwest than on the southeast. 

Quiet marine deposition.—This slow advance continued until the en- 
tire Lethbridge area was covered by an epicontinental sea in which was | 
deposited the Bearpaw shale. The extremely slow manner in which this :. % 
was accomplished is attested by the many pure bentonite or volcanic 
ash beds found in these shales. Obviously there were periods when 
nothing but volcanic ash was being deposited. At other times marine 
muds were settling at almost the same rate as the volcanic ash, thus 
giving rise to the bentonitic shales. The three sandy zones of the Bear- 
paw shale, and the conditions of the entombed shells, are evidence that 


Fic. 11.—Part of large Placenticeras meeki Boehm, collected from type locality 
of Kipp sandstone. Scale in inches. (Photograph by Theodore A. Link.) 
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these coarser sediments are neither regressive nor transgressive members 
of the first order. Almost all the bivalve fossils in these sands are intact, 
indicating no disturbance by wave action or undertow. The Ryegrass 
sandstone is the first indication that the final stand of the Pierre epiconti- 
nental sea was near. Volcanism continued active, as attested by the ben- 
tonitic nature of this sandstone. After its deposition, though more shale 
was deposited, very little advance was made and the sediments record 
a gradually withdrawing sea. The sediments became sandier and finally 
the retreating shore line appeared as the Fox Hills sandstone, a true beach 
deposit containing marine shells found in this environment with a few 
deeper-sea fossil remains washed up on the beach during periods of severe 
storms. 

Regression.—The regression of the Pierre sea is recorded by the Fox 
Hills sandstone. The shore-line or beach deposit of sand brought down 
by rejuvenated streams remains as the Fox Hills sandstone. The Ostrea 
coquina, the carbonaceous shales, and coal seams at the top record a 
succession of lagoonal deposits accumulated at and near the shore line of 
the retreating sea. Thus the Fox Hills sandstone represents an overlap 
sheet which is progressively younger from southern Alberta toward the 
Gulf of Mexico. The churning action of the waves, littoral currents, and 
undertow prevented the deposition of bentonite beds within the Fox 
Hills sandstone. Volcanism undoubtedly continued active, but the work 
of the waves tended to carry the volcanic ash farther out to sea. 
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SECTIONS OF BEARPAW SHALE FROM KEHO LAKE TO 
BASSANO, SOUTHERN ALBERTA' 


CLARE M. CLARK? 
Calgary, Alberta 


ABSTRACT 


The sections of the Bearpaw shale herewith presented were prepared from a study 
of cuttings from many shallow test-holes and three deep wells, located within an 
area extending from T. 11 to T. 21 and from R. 18 to R. 23, W. of 4th Mer., in southern 
Alberta. 

In this area, the base of the Bearpaw shale is limited below by the coal measures 
at the top of the Pale beds, and at the top by the massive Fox Hills sandstone. The 
formation is 740 feet thick in the southern part of the area, but this thickness decreases 
northeastward 230 feet in 65 miles. 

The Bearpaw shale consists of three lithologic units. The lower shale member 
contains bentonite beds, but no sand. The middle sandstone member is generally a 
fine-grained massive sandstone useful for correlation. The upper sandy member 
contains sandy shale and erratic sandstone lenses which ordinarily can not be corre- 
lated between adjacent wells. 


INTRODUCTION 


Location.—The localities from which the information contained in 
this discussion was secured are indicated on the index map (Fig. 1). 

With the exception of the Champion district, these localities are 
situated along a northeast-southwest line, 65 miles in length, approxi- 
mately parallel with the general strike of the Bearpaw shale. The line 
of these well sections is on the northwest flank of the Belly River arch. 
The location of the Champion section is 20 miles northwest of this line, 
on the eastern edge of the Alberta syncline. 

Source of information.—The information used in the preparation of 
these sections was derived from examinations of cuttings from 139 shallow 
churn-drill test-holes and from three deep wells drilled as tests for oil 
and gas. Fifty-two test-holes were located in the Keho district, 5 at 
Little Bow, 61 at Eyremore, and 21 at Bow River. Deep wells were 
located at Keho, Champion, and Bassano. 

*Read before the Alberta Society of Petroleum Geologists at the Calgary meeting, 


January 17, 1931. Manuscript received, May 18, 1931. Published by permission of 
the Hudson’s Bay Oil and Gas Company, Ltd. 


2Geologist, Hudson’s Bay Oil and Gas Company, Ltd. 
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Fic. 1.—-Index map of central southern Alberta, showing location of sections illus- 
trated in Figure 2, and outcrop of Bearpaw shale. 


Fragments of invertebrate fossils were recognized but could not be 
used for correlation. In outcrops along Bow River, in the Eyremore 
and Bow River localities, Baculites compressus was especially plentiful 
in a zone in the upper part of the formation. This probably corresponds 
with the “Baculites compressus zone” of Williams and Dyer.' A fairly 
complete presentation of the paleontology is contained in the recent 
publication by those authors. 


'M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1931), p. 38. 
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STRATIGRAPHY 


Relationships of Bearpaw shale—The Bearpaw shale overlies the 
Pale beds. This contact is marked by the presence of the coal measures 
at the top of the latter. The top of the Bearpaw is limited by the massive 
gray and buff Fox Hills sandstone. A transition zone immediately under- 
lying this sandstone is included in the Bearpaw shale. 

Thickness.—The Bearpaw shale ranges in thickness from 740 feet 
at Keho Lake to 510 feet at Bassano, a decrease of 230 feet in a distance 
of approximately 65 miles. On Little Bow River the formation has a 
thickness of 600 feet, at Champion 610 feet, whereas at Eyremore and 
Bow River the thickness is 575 feet. These thicknesses indicate that 
there is a fairly uniform thinning of the Bearpaw toward the north. 


LITHOLOGIC UNITS 

The Bearpaw shale consists of three lithologic units. The writer 
has termed them, in ascending order, the lower shale member, the middle 
sandstone member, and the upper sandy member. 

Lower shale member.—This member occupies approximately the 
lower one-third of the Bearpaw. It is distinguishable from the remainder 
of the formation by its markedly less sandy nature. At no place within 
the areas described were sandstone beds encountered in this part of the 
formation. The shale comprising this member is predominantly dark 
gray, pure, and thin-bedded. Bentonite beds are present in the lower 
shale member but, because of caving from similar beds above, their 
exact positions could not be determined. 

At Keho Lake the thickness of the lower shale member is 220 feet. 
In the Little Bow River area this shale has a thickness of 230 feet. At 
Champion the maximum thickness is 250 feet. At Eyremore and Bow 
River the shale member is 180 feet thick. The log of a well drilled for 
gas at Bassano is incomplete and does not define the thickness of the 
member in that locality. 

Middle sandstone member.—This member of the Bearpaw immediate- 
ly overlies the lower shale member and is an easily recognized unit. The 
sandstone is light gray or greenish gray in color, ordinarily fine-grained, 
soft, and massive. In a few places it is fairly well indurated and thin- 
bedded. 

The thickness of the middle sandstone member is not uniform. At 
Keho Lake the average thickness is 35 feet. At Little Bow River it is 
70 feet, whereas at Champion, 20 miles farther down the regional 
dip, a thickness of only 10 feet was encountered. In the Eyremore dis- 
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trict the member is 35 feet thick, and 12 miles farther north, at Bow 
River, a thickness of 40 feet was measured. The foregoing figures are 
the average for each area; the actual thickness penetrated in any indi- 
vidual test-hole may vary as much as 50 per cent. 

The middle sandstone member commonly occurs as a single, massive 
sandstone layer, but in the Eyremore and Bow River districts two other 
types of occurrence are recognized. One type is that in which the upper 
half of the member consists of pure sandstone, with the lower half com- 
posed of alternating beds of shale and sandstone. A second type occurs 
in which the positions of the pure sandstone and alternating beds are re- 
versed. The change from one type to another occurs erratically and in 
many places within short distances. 

Almost without exception, a persistent bentonite bed occurs at the 
base of the middle sandstone member. The color of the bentonite is 
ordinarily some shade of green, which becomes white on exposure. The 
interval from the base of the Bearpaw shale upward to this bentonite 
bed varies from one locality to another, but it is constant within any re- 
stricted area. For this reason the sandstone member and bentonite 
bed proved to be very useful for correlation. 

Upper sandy member.—The upper sandy member includes all of the 
sandy shale and irregular sandstone beds between the middle sandstone 
member and the upper limit of the Bearpaw shale. This part of the for- 
mation is a somewhat lighter gray than that of the lower shale member. 
Bentonite and concretionary beds are fairly common. 

In the Keho Lake area this member is 485 feet in thickness. The 
lower 120 feet consists of sandy shale, and above this is a gray sandstone 
bed 40 feet thick. The next overlying unit is 190 feet of sandy shale 
which logs of some wells show to contain a thin sandstone lens or two. 
Immediately overlying the shale is another sandstone bed 4o feet in 
thickness. This sandstone is very similar to others in the upper sandy 
member, but is in some places distinguished by a thin seam of carbona- 
ceous shale and very lustrous coal at the top. The remaining 95 feet of 
the member consists of sandy shale. 

In the Little Bow River area the upper sandy member consists of 
300 feet of sandy shale. Sandy, banded, transition beds occur in the 
upper 50 feet. 

At Champion the upper sandy member is 380 feet thick. A thin 
bed of gray sandstone occurs 220 feet below the top of this member. 
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In the Eyremore district the corresponding part of the Bearpaw has 
a thickness of 360 feet. There are five sandstone lenses, which in color 
and texture are practically identical, although in some test-holes none 
was present. As the number and thickness of these lenses at any point 
is extremely unreliable, they are not suitable for correlation. 

On Bow River in T. 19, R. 18, the upper member of the Bearpaw is 
355 feet thick. Its character at this locality is similar to that at Eyre- 
more. In one test hole, which penetrated the upper part of the Bearpaw, 
no sandstone beds were encountered, but in other holes as many as four 
lenses were present. As at Eyremore, these are lenses of very limited 
lateral extent and ordinarily can not be correlated even between adjacent 
holes which are not more than a mile or two apart. The thickness of the 
lenses ranges from 5 to 30 feet, with an average of 10 feet. In this vi- 
cinity, the upper 50 feet of the Bearpaw is represented by distinctly 
banded transition beds. 


HISTORY 


The Pale beds underlying the Bearpaw shale consist of alternating 
sandstones, shales, and sandy shales of continental origin. This unit, 
together with the Foremost formation, forms a wedge between the 
marine Pakowki below and the marine Bearpaw above.' The change 


from continental to marine deposition was accomplished gradually, as 
evidenced by transition beds which occur in places at the base of the 
Bearpaw. In some beds, however, true marine shale lies in contact with 
the upper coal bed or carbonaceous seam of the Pale beds. 

The Bearpaw shale represents a second advance of the Montana 
sea; the first transgression is represented by the Pakowki (Claggett) 
formation. The sediments of the lower shale member were deposited far 
from shore in calm water. This is indicated by the presence of fine, uni- 
form shale, and bentonite seams. 

The middle sandstone member represents a marked partial regres- 
sion of the Bearpaw sea, sufficient for the deposition of off-shore sands 
within the area described in this paper. This was followed by a time 
interval during which fluctuating marine conditions prevailed. A larger 
amount of sandy material than is present in the lower shale member was 
deposited with the muds, to produce the sandy shales of the upper sandy 


'M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1931). 
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member. The sandstone lentils of this member indicate a nearer-shore 
phase of deposition with varying currents. 

A farther and final retreat of the Montana sea is indicated by the 
character of the Fox Hills sandstone, a definitely near-shore or littoral 
type of deposit. 
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FOX HILLS FORMATION IN SOUTHERN ALBERTA! 


JAMES O. G. SANDERSON? 
Calgary, Alberta 


ABSTRACT 


The Fox Hills formation, originally described by Meek and Hayden in Dakota 
and Wyoming, can be recognized in southern Alberta as a clearly defined mappable 
stratigraphic unit. It is a marine sandstone overlying a transition zone in the top of 
the Bearpaw shales, with brackish-water sediments at the top underlying the lowest 
St. Mary River coal. Its thickness as observed ranges from 21 to 327 feet. It thickens 
southward and westward. A distinctive faunal list is given and stratigraphic details 
at nine localities are described. 


INTRODUCTION 


The Fox Hills sandstone, although a relatively thin formation, is 
worthy of discussion for several reasons. It crops out in many localities 
in southern Alberta. Its lithology compared with contiguous formations 
is distinctive. It is one of the few essentially marine sandstones of note- 
worthy thickness in the stratigraphic column of the plains of Alberta. 
The Fox Hills bears an easily recognizable and characteristic invertebrate 
fauna which is generally found, at least in part, wherever there are good 
outcrops. Because of these features, the Fox Hills in southern Alberta 
is a most useful horizon from which to work in studying the stratigraphy 
of the plains and outer foothill regions in the south. 

The Fox Hills was named by Meek and Hayden in 1861. The type 
locality is Fox Hills in north-central South Dakota; but the authors 
mentioned several other localities in Wyoming and Montana where the 
formation was equally well exposed and showed essentially the same 
characteristics. The Fox Hills formation has since been found to be 
widely distributed; in fact it occurs throughout most of the area once 
occupied by the Upper Pierre sea. Its characteristics, wherever observed, 

‘Presented before the Alberta Society of Petroleum Geologists at the Calgary meet- 


ing, January 16, 1931. Manuscript received, May 18, 1931. Published by permission 
of O. B. Hopkins, chief geologist, Imperial Oil, Ltd., Toronto, Ontario. 


2Geologist, Imperial Oil, Ltd. 


3F. B. Meek and F. V. Hayden, “ Descriptions of New Lower Silurian (Primordial), 
Jurassic, Cretaceous, and Tertiary Fossils, Collected in Nebraska Territory, with Some 
Remarks on the Rocks from Which They Were Obtained.” Proc. Acad. Nat. Sciences, 
Philadelphia (1861), pp. 415-47. 
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are constant, and in all localities are closely comparable with those of 
the type region. For the foregoing reasons the writer can see no urgent 
necessity for giving the formation in Alberta a new name. The term Fox 
Hills has priority; it has become well known, is understood by the geo- 
logical fraternity, and is firmly established in the literature. Therefore 
it should be retained to designate this part of the Upper Cretaceous col- 
umn wherever it is reasonable and practicable to do so. 


DEFINITION OF FOX HILLS FORMATION IN ALBERTA 


The Fox Hills is bounded by well defined strata in the southern 
plains. The thick, dark shales of the Bearpaw lie below it, and the top 
is marked by Ostrea coquina beds and coal seams. 

In a general way it may be described as a relatively coarse, massive 
sandstone of marine origin lying between the Bearpaw shale and the 
fresh-water strata of the St. Mary River and Edmonton formations. 

It is proposed here to define the Fox Hills in Alberta as: those 
arenaceous strata, containing a few dark shale beds, lying above the inter- 
bedded, thin shale and sandstone transition beds at the top of the Bearpaw, 
and below the top of the highest brackish-water fossil horizon in this unit 
group, and immediately above which is the basal coal seam of the fresh-water 
St. Mary River series. 

This definition is applicable to those sections where the Fox Hills is 
best developed, but in other regions the bounding strata are of quite 
different character. However, in most places where this is the fact the 
Fox Hills proper has also lost its identity. 


GENERAL CHARACTERISTICS, ORIGIN, AND DISTRIBUTION IN ALBERTA 


In outcrops the main body of the Fox Hills is pale buff sandstone. 
Its unweathered color is greenish gray. The sand is ordinarily of rela- 
tively coarse texture, with a small clay content, and generally has a cal- 
careous matrix. The essential component mineral is quartz, in contrast 
to the feldspathic character of the St. Mary River formation and Pale 
beds. The thick sandstone tends to massive rather than cross-bedded 
structure, although strongly cross-bedded phases occur in places. A 
remarkable feature of the formation in Alberta is the uniformity of grain 
size and degree of rounding of the particles. There is little ironstone in 
the Fox Hills, and that which occurs is of lean type and in small nodules. 

In some places, dark shale in thin beds, commonly holding marine 
shells, interrupts the normal sandstone section. The character and the 
manner in which the shale breaks occur indicate the marine origin of this 
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formation. The sedimentation and fauna at the top of the Fox Hills 
likewise clearly indicate the paleogeographic conditions at the close of 
this stage. The upper part of the Fox Hills holds increasing amounts of 
carbonaceous detritus toward the top. This constitutes good evidence 
of the seaward advance of continental deposition. The top bed of the 
Fox Hills is an estuarine phase most prominently characterized by thick 
beds of Ostrea. In places these are preceded by a thin coal bed, but most 
commonly are succeeded by a thick coal seam. This seam is usually 
regarded as the basal bed of the continental St. Mary River formation. 

In origin, the Fox Hills is closely related to the Upper Pierre or Bear- 
paw. The faunas and geographical distribution of the two formations 
demonstrate this fact. In many respects the faunas are identical except 
that the more fragile types like Placenticeras meeki are rarely found pre- 
served in the sands. 

Ordinarily the distinctly marine Bearpaw shales pass conformably 
and directly through a thin transition zone into coarse sandstone above. 
There is a thin zone of alternating thin beds of brown sand and dark 
brown to dark gray shale, which is of distinct Bearpaw type; this con- 
stitutes the transition phase. 

This sudden change in coarseness of the detritus which was depos- 
ited in the Pierre sea indicates a marked change of conditions at the 
source of the sediments. There was either a pronounced positive dias- 
trophic movement in that region, or a radical variation in climate. It is 
probable that a combination of these influences was effective. The 
positive diastrophic movement was probably preliminary orogenic ad- 
justment related to the second Laramide revolution. There is also 
evidence that there was some elevation of the entire northern interior 
region at this time; not enough, however, to cause the immediate re- 
cession of the Pierre sea. Arenaceous deposits reached this basin and 
were distributed entirely across it at this time. This deposition may 
have attained almost perfect adjustment to “base level of deposition,” 
as postulated by Barrell. If it is assumed that this stage of sedimenta- 
tion was attained in Fox Hills time, a sufficient explanation of the great 
areal distribution of this thin, uniform formation is provided. 

It seems evident that most of the sediments of the Fox Hills origin- 
ated along the rising eastern flank of the Cordillera, for the formation 
thickens westward. There may also have been some contribution from 
minor uplifts which had their inception about this time within the 
central interior region of the continent. 
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The Fox Hills was not deposited rapidly; cross-bedding is not a 
predominant feature, and there was relatively complete sorting of its 
sediments. 

In summary, the Fox Hills is an arenaceous formation of littoral 
marine type. The inception of continental conditions of deposition is 
recorded in the upper part of the formation, where true marine gave 
place to estuarine deposits. The source of the sediment was dominantly 
the western uplands. The area of deposition occupied the northwestern 
and central parts of the Upper Pierre sea. 

In Alberta the Fox Hills is best developed in that region lying south 
of Bow River. On Red Deer River it has lost its identity as a separate 
formation. It is exposed in many localities south and west of Lethbridge, 
and at two points north of there on Little Bow and Bow rivers. The 
Fox Hills is well developed in the outer foothills belt south and west of 
Lethbridge and where measured in this belt near the International 
Boundary, it is much thicker than on the plains. This formation is also 
exposed on the flanks of the Cypress Hills. 

All these areas of Fox Hills exposures are shown on the accompany- 
ing sketch map (Fig. 1), the numbers on which correspond with the num- 
bers of the stratigraphic sections which are discussed. 


FAUNA OF FOX HILLS FORMATION 


In this paper the stratigraphic equivalence of the Fox Hills with 
formations of related age in the western states is not discussed in detail. 
For present purposes it is assumed that this formation in Alberta is the 
equivalent of the Fox Hills of southeastern Montana and northwestern 
South Dakota. In support of this assumption, the full list of fauna of 
the Alberta Fox Hills, known to the writer, is here listed. It is believed 
that a sufficient percentage of this fauna is common to the Fox Hills at 
these widely separated localities to justify the assumption of their equiv- 
alence. 


FAUNA OF ALBERTA FOX HILLS FORMATION 


BRYOZOA 
CHEILOSTOMATA 
Conopeum bicystosum* 


CEPHALOPODA 
Sca phites ventricosus 
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PELECYPODA 
PRIONODESMACEA 
Nucula cancellata Ostrea glabra ponderosa* 
Yoldia evansi Ostrea subtrigonalis 
Cucullaea nebraskensis Ostrea glabra 
Inoceramus barabina crip psi Ostrea glabra coalvillensis* 
Pteria fibrosa Anomia subtrigonalis 


Exogyra incipiens* 


TELEODESMACEA 


Arctica ovata lata Callista deweyi 
Corbicula occidentalis Mactra (?) warrenana 
Protocardia subquadrata Corbula perangulata 
Callista cf. owenana 
GASTROPODA 

CTENOBRANCHIATA 
Lunatia sp. Melania whiteavesi 
Vivipara conradi Anchura americana 


Cam peloma producta 


OPISTHOBRANCHIA 


Thaumnastus limnaeiformis 


VERMES 
Tracks of large and small worms 
PISCES 
TELIOSTII 
Scales sp. undet. 
PLANTS 


Halymenites major 


*Forms recently described by the writer. 


DETAILED DESCRIPTION OF FOX HILLS AT SELECTED LOCALITIES 

In Figure 2 are shown nine graphic sections of the Fox Hills which 
have been carefully measured and observed. These are numbered to 
correspond with locality numbers shown on the map (Fig. 1). 

The first locality chosen is that at Del Bonita. The formation is 
well exposed here in the valley of Milk River, and displays most of the 
essential features of the Fox Hills which have been mentioned in the 
foregoing remarks. At the point measured the formation is 121 feet 
thick. It is to be noted here that the upper phase of the formation is 
without coal and is a relatively uniform section of pale buff, massive 
and cross-bedded sandstone. The graphic section depicts the essential 
features. 
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COLUMNAR SECTIONS OF THE FOX HILLS FORMATION IN SOUTHERN ALBERTA. 


40.G. SANDERSON 1930-3). 


VERTICAL, SCALE FEET 


+ 
STMARY RIVER 


it 


Fic. 2.—Detailed stratigraphic sections of Fox Hills formation. 
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lc. 3.—Fox Hills sandstone exposed along St. Mary River in Sec. 24, T. 6, R. 
23, W. of 4th Mer. (Photograph by Theodore A. Link.) 


Fic. 4.—Detail of Fox Hills sandstone illustrating wind erosion on massive part. 
(Photograph by Theodore A. Link.) 


The next locality is on St. Mary River about one mile north of the 
International Boundary. At this place the formation has thickened to 
327 feet; the main sandstone bed is 225 feet thick and the interval at 
this point, between the coal and fossil beds, is thicker. The coal here is 
developed below the Ostrea beds rather than above them, as it is in most 
places. The sandy transition phase commonly found below the Fox 
Hills is lacking. 


a 
1258 
| 
| 
Fr » ‘ 
| 
| 
5, 
| 
q 
| 
| 
F 


FOX HILLS FORMATION IN SOUTHERN ALBERTA 1259 


The place where the Fox Hills is most completely developed in Al- 
berta, is at locality 3 on the map. This outcrop is found in the canyon 
of Belly River near Hillspring, west of Cardston. Here there are three 
well developed fossil horizons above the main sandstone body. The 
lowest of these contains the most typically marine fauna and the highest, 
the least typically marine fauna. In contrast to the St. Mary River 
section, the main coal development here is above the Ostrea horizon rather 
than below. Only a thin bed of coal occurs below the Ostrea zone in this 
vicinity. An interesting feature here is the thickness of the Ostrea glabra 
coalvillensis bed. Between Belly River and Cardston the same bed is 
nearly 30 feet thick and includes a thin coal seam. 

Locality 4 on the map is an outcrop on Pothole Creek, just south of 
Magrath. The Fox Hills protrudes here and locally forms steep canyon 
walls where cut by the stream. The formation is only 80 feet thick; the 
Ostrea beds commonly present at the top are locally absent and cross- 
bedding is well developed in the upper part. A short distance above the 
base an 8-foot shale contains a meager but unique fauna, including 


Fic. 5.—Fox Hills sandstone west of Cardston, Alberta, Sec. 10, T. 3, R. 26, W. 
of 4th Mer. Notice castellated forms and cross-bedding. (Photograph by P. D, 


Moore.) 
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Fic. 6.—Thick Ostrea coquina near top of Fox Hills sandstone. Outcrop in Blood 
Indian Reserve, Sec. 31, T. 3, R. 26, W. of 4th Mer. Man at left stands at base and 
man at right on top of bed. (Photograph by P. D. Moore.) 


Nucula cancellata and a giant variety of Corbicula. The ordinary transi- 
tion phase is present at the top of the Bearpaw. 

Locality 5 is the point where the St. Mary River cuts diagonally 
across the strike of the outcropping Fox Hills. The entire formation 
here is 62 feet thick, and is mostly sandstone. A thin coal seam is present 
with both Corbicula and Ostrea horizons above the coal. The main 
basal St. Mary River seam occurs above the fossil horizons. 

One of the most complete records of the Fox Hills is that obtained 
by core-drilling on the Blood Indian Reserve. The section shown is 
taken from bore hole No. 11 drilled by the Commonwealth Petroleum, 
Limited, in Section 25. The upper bed of the formation contains a 2-foot 
lithified coquina of Ostrea. The sandstone for 5 feet above the Ostrea 
bed closely resembles that of the Fox Hills and may properly be included 
as such. This section is composed of little else than coarse bluish gray 
sandstone to the base. The formation here is 142 feet thick. 

A relatively short distance away, at Monarch (locality 7 on the 
map), the thickness and general characteristics of the Fox Hills are ma- 
terially changed. The transition series below is thicker and the Fox 
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Hills sandstone thinner than ordinary. The upper part of the formation 
includes three fossil beds: two Ostrea beds with a dark shale containing 
plentiful Melania between the two. There are two thin lignitic shale beds 
below the upper Ostrea stratum. 

Perhaps the most significant exposure of the Fox Hills is that shown 
in section 8 which was measured on Little Bow River in Sec. 32, T. 14, 
R. 21. The Fox Hills here has thinned to 21 feet. The typical coarse, 
buff-weathering sandstone is only 15 feet thick. The Ostrea bed is con- 
fined to a thin ironstone stratum which is directly above a 5-foot bed of 
very selenitic shale. In this district the sands and shales above show 
the general features of the Edmonton rather than those of the St. Mary 
River formation. Farther north on Bow River there is only a trace of 
Fox Hills present, and the same condition exists on Red Deer River. 
At these localities the transition series becomes more sandy, Ostrea beds 
occur within it, and the Edmonton section is in direct contact with the 
transition phase at the top of the Bearpaw shale. 

The last section shown, No. 9, is one measured on Willow Creek on 
the south flank of Cypress Hills. There is no coal at the top of the section 
here, but the upper 15 feet of the formation contains much partly 
carbonized fossil wood and thin stringers of fossil peat. The typically 
Fox Hills part of the section is 105 feet thick. The oyster beds are lo- 
cally absent, but occur in other parts of this region. There are also beds 
of Ostrea subtrigonalis immediately beneath the Fox Hills in Medicine 
Lodge Coulee. 

Diverse statements regarding the Fox Hills in this vicinity have 
been made by W. S. Dyer and M. Y. Williams of the Geological Survey 
of Canada. Dyer' concludes that the Fox Hills is 150 feet thick, is com- 
posed of gray sand and brown cross-bedded sandstone weathering in 
ledges, and is overlain by Lance beds. Williams,? however, has placed 
the thickness at 230 feet in the same locality. He describes it as yellow- 
weathering silts and sands with marine shell beds and believes it is over- 
lain by Fort Union beds. From these statements it may be deduced that 
there is some confusion as to the upper boundary of the Fox Hills forma- 


"Geol. Survey of Canada Summary Rept., 1926, Pt. B (1927), p. 16 b. 
2Trans. Royal. Soc. of Canada, Sec. 4 (1928). 


3M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930), p. 41. 

In this report these writers place the Fox Hills thickness at 370 feet, which gives 
— credit for statements of three different thicknesses for the Fox Hills at this 
ocality. 
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tion in the Cypress Hills country. There is reasonably convincing evi- 
dence that the so-called Esteven and Whitemud formations of the Cypress 
Hills area represent the middle Edmonton and upper part of the basal 
Edmonton section as developed on Red Deer River. It is most probable 
that the beds above the typical Fox Hills, the thickness of which was 
previously stated, represent the lower part of the Edmonton. 

It should be noted that there seems to be considerable local variation 
in the Fox Hills in this region. The coarse sandstone is replaced by silty 
fossiliferous beds at some places in Medicine Lodge Coulee. 


CONCLUSION 


The Fox Hills is a distinct lithological unit in southern Alberta and 
has all the characteristics required to class it as a formation. It has a 
wide geographical distribution and crops out through a large area. 

The formation is essentially of marine origin, but its different char- 
acter at the top anticipates the continental deposition which succeeded 
it. It is evident that the thickness varies considerably, although the 
lithologic characteristics and fauna are pronouncedly constant. The 
formation thickens moderately toward the south, and markedly toward 
the west. The formation thins and disappears toward the north before 
the central part of the province is reached. It is replaced by the over- 
lying and underlying formations in this direction. Its similarity to the 


typical Fox Hills both faunally and lithologically is deemed sufficient 
reason for retaining this formation name in Alberta. 


DISCUSSION 


J. S. Inwiy, Calgary, Alberta: I wish to confirm the observations and 
conclusions of Dr. Sanderson concerning the Fox Hills sandstone and to em- 
phasize the importance of this formation as a widespread horizon marker. 
The Fox Hills sandstone is remarkably uniform in character and appearance 
from the Denver basin in Colorado northward through Wyoming, Montana, 
and southern Alberta and eastward into the Dakotas and Saskatchewan. It 
is also extremely probable that the Hal/ymenites-bearing Trinidad sandstone 
of southern Colorado and northern New Mexico is an equivalent formation. 
In its remarkable lateral extent the Fox Hills is similar to the Dakota sandstone, 
but is more similar in its lithology and mode of deposition to the Eagle (Milk 
River) sandstone. 

As pointed out by Dr. Sanderson, the Fox Hills possesses a fairly rich and 
distinctive marine fauna, but he failed to emphasize what to my mind is the 
most distinctive fossil, namely, the fossil sea-weed, Halymenites major. It is 
known, of course, that Halymenites occurs both above and below the Fox 
Hills sandstone, but the very profusion and universal occurrence of this fossil 
plant in the Fox Hills, in contrast to its comparative scarcity, at least in older 
strata, seems to justify its consideration as diagnostic. Halymenites has been 
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observed in practically every outcrop of Fox Hills sandstone seen by the writer 
and it is reported in that sandstone throughout the area of its outcrop in New 
Mexico, Colorado, Wyoming, Montana, and the Dakotas. So similar are 
many of the Fox Hills outcrops in the area south of Lethbridge, Alberta, to 
the Milliken member of the Fox Hills north of Denver, Colorado, in the matter 
of lithologic character and Halymenites content that they could not be differ- 
entiated. The Halymenites-bearing sandstone of the Fox Hills formation was, 
in fact, formerly called the “ Halymenites sandstone” in the Denver basin. 
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STRATIGRAPHY OF SPRING COULEE WELL' 


W. S. YARWOOD? 
Calgary, Alberta 


ABSTRACT 


The Spring Coulee well is located 40 miles south and west of Lethbridge, Alberta. 
The glacial drift here is underlain by the St. Mary River formation, Subsurface for- 
mations penetrated by the well are the marine Foxhills sandstone, the marine Bearpaw 
shale, the Belly River group, the marine Colorado shale, the Blairmore formation, the 
marine Fernie shale, and the upper Paleozoic limestone. The stratigraphy of these 
formations is described and correlations are suggested. 
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LOCATION 


The Spring Coulee well commenced drilling on April 11, 1930, in 
Sec. 15, T. 4, R. 23, W. of 4th Mer. The well is about 3! miles south 
and east of the village of Spring Coulee, Alberta. 


EXPOSURES 


The rocks encountered in the upper 1,200 feet of the well, and higher 
beds, are exposed along St. Mary River. West of the well and northeast 
of the town of Cardston, rocks of Tertiary and Upper Cretaceous age 
are exposed. The Willow Creek formation, of doubtful Eocene age, 
may be observed along the river between Cardston and Raley. These 
sediments, which consist of alternating beds of sand, clay, and sandy 

*Read before the Alberta Society of Petroleum Geologists, January 16, 1931. 


Manuscript received, May 18, 1931. Published by permission of Alberta Pacific Con- 
solidated Oils, Ltd., Calgary, Alberta. 


*Geologist, Alberta Pacific Consolidated Oils, Ltd. 
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clay, have a charzcteristic reddish tint. Below the Willow Creek beds, 
a thick succession of gray sandstones and light green shales are in- 
cluded under the name of St. Mary River formation, the youngest 
Cretaceous rocks in this vicinity. A good section of the lower part of 
this series of rocks extends along the river from the vicinity of Spring 
Coulee to a place near the northeast corner of T. 6, R. 23, W. of 4th Mer. 
The Spring Coulee well penetrated the lower 305 feet of this formation. 
The section lies conformably on the Fox Hills sandstone at the place 
previously mentioned. The Fox Hills formation has a thickness of 
about 135 feet and consists entirely of medium-grained, light gray 
sandstone. The outcrop of this sandstone is somewhat narrow and de- 
creases in width toward the north. It is in contact with the Bearpaw 
shale in the locality mentioned previously, and northeastward from that 
place the Bearpaw shale is exposed along St. Mary River as far as its 
confluence with Oldman River. An outcrop on the river, where Pothole 
Creek flows into it, shows the contact of the Bearpaw shale and the under- 
lying Pale beds. The region immediately east of Lethbridge is underlain 
entirely by the Belly River group and nowhere do rocks of Colorado age 
crop out. 


DETAILED DESCRIPTION AND AGE DETERMINATION OF ROCK SAMPLES 
RECOVERED 


The well is being drilled with rotary tools. It was cored at the fol- 
lowing depths: 1,130-1,150; 1,640-1,670; 1,750-2,440; 4,650-5,970 feet. 
Where not cored, the determinations were made from rotary cuttings. 

The sections given under formations are somewhat condensed from 
the complete log. 


ST. MARY RIVER FORMATION 


The basal 305 feet of this formation, as penetrated, consists of 
gray-green sandy shales, and beds of gray sandstone. One of these serves 
as a source of water supply for local residents. The top of the section 
contains traces of gypsum and at 30 feet above the base there is a 10- 
foot zone of black, carbonaceous shale. 


ST. MARY RIVER SECTION 


Depth in Feet Description 
60 Top of section 
80 Green shale with trace of gypsum 
190 Dark gray shale with less green shale and gray sandstone 
300 Green shale with less dark brown to gray and a few gray sandstone beds 
320 Gray sandstone with a little coal 
340 Carbonaceous shale containing coal 
305 Gray-black shale with fragments of gray sandstone 
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Fic. 2.—Typical exposure of St. Mary River formation, showing evenly bedded 
nature of alternating sandstones, calcareous nodules, and shales. On north bank of St. 
Mary River, Sec. 9, T. 5, R. 23, W. of 4th Mer. (Photograph by P. D. Moore.) 


FOX HILLS FORMATION 


The change from St. Mary River beds to Fox Hills sandstone is 
pronounced and can be readily recognized. The characteristic overlying 
light green shales of the former are not present in the latter formation; 
in fact, scarcely a trace of argillaceous material can be seen. The sand 
grains are coarse, light gray, and associated with them are grains of a 
black ferro-magnesian mineral. The formation has a thickness of 135 
feet and the lower 20 feet contains water. 


FOX HILLS SECTION 
Depth in Feet Description 
365 Top of section 
380 Gray, micaceous sandstone 


480 Gray sandstone with a few coal fragments 
500 Gray sandstone containing water 


BEARPAW SHALE 


In contrast to the Fox Hills sandstone this formation is predominant- 
ly lead-gray shale, in which occur three sandy members. The formation 
has a thickness of 690 feet. 
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BEARPAW SHALE SECTION 


Depth in Feet Description 
500 Top of section 
550 Lead-gray shale 
560 Shale containing bentonite 
600 “Ryegrass” sandstone. 65 per cent dark gray sandstone and 35 per cent 
lead-gray shale 
640 Lead-gray shale with minor dark gray sandstone 
650 Lead-gray shale with ironstone 
750 Lead-gray shale 
760 Lead-gray shale with shell fragments and coal 
790 Lead-gray shale 
850 “Kipp” sandy member. 50 per cent dark gray sandstone and 50 per cent 
lead-gray to dark brown shale 
goo Lead-gray shale with sandstone fragments 
g1o Lead-gray shale with ironstone 
9306 Lead-gray shale containing Nucula probably 
960 Lead-gray shale containing bentonite 
1,010 ‘*Magrath” sandy member containing bentonite 
1,030 Lead-gray shale 
1,070 Lead-gray shale containing bentonite and ironstone 
1,090 Lead-gray shale containing Dentalium gracile 
1,100 Lead-gray shale containing irénstone and bentonite 
1,150 Lead-gray shale 
1,190 Lead-gray shale with Placenticeras meeki, Inoceramus, Ostracoda, Corbula 
perangulata 


The upper part of the section is lacking in detail because no cores 
were taken, but below 1,100 feet from the surface cores were cut. Sev- 
eral fossils were obtained from cores, ostracods being regarded as the 
most interesting. These are found in small joints which cut across the 
bedding planes at steep angles. The fossils are chitinous and are micro- 
scopic in dimensions. This is probably the first locality in which they 
have been reported. Associated with them are plants apparently of a 
marine flora. These may represent a part of the shore-line life which 
flourished when the sea, in which the shales were deposited, transgressed 
upon the fresh-water deposits of Pale beds age. Placenticeri occur in 
ironstone concretions and some large forms of these were evidently more 
than a foot in diameter. The nacreous shells are well preserved and on 
one a bryozoan was observed. 


BELLY RIVER GROUP 


The term Belly River group, as used here, includes the Pale beds, 
and the Foremost, Pakowki, and Milk River formations. The Two Med- 
icine formation of Montana, west of the Sweetgrass arch, includes all 
of the Belly River group except the Lower Milk River, or Virgelle sand- 
stone. The term Belly River, as used by the Canadian Geological Sur- 
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vey, is restricted to the Pale beds and the Foremost formation,’ and is 
equivalent to the formational name Judith River, of Montana. 

The Pale beds and the Foremost formation are not markedly differ- 
ent, either lithologically or paleontologically, and the contact between 
them is not well defined. 

Pale beds.—These beds consist primarily of green shale, and not 
more than 20 per cent of the entire section consists of gray sandstone. 
Fossils are rare and scattered. At the top of the formation several occur 
associated with carbonaceous shale (Lethbridge coal seam). 


PALE BEDS SECTION 


Depth in Feet Description 

1,190 Top of section 

1,200 Gray sandstone with coal and brown carbonaceous shale. Viviparus con- 
radi ?, Unio danae and Anodonta ? sp. 

1,265 Lead-gray and gray-green shale containing coal in upper part 

1,382 Gray-green shale with beds of gray sandstone. Viviparus? sp., Sphaerium ? 
sp. (1,337 feet), fish scale (1,356 feet) 

1,383 Pellet conglomerate. Campeloma multilineata ?, Valetella pablista ? 

1.441 Gray-green shale with thin sandstone beds containing plant remains. 
Campeloma multilineata (1,400 feet) 

1,442 Pellet conglomerate 


1,477 Pale green shale with thin, gray sandstone beds 

1,478 Pellet conglomerate 

1,485 Pale green shale 

1,492 Gray, micaceous sandstone 

1,405 Pale green shale 

1,496 Pellet conglomerate and gray sandstone 

1,500 Pale green sandstone 

1,518 Olive-green shale. Goniodiscus ? sp. (1,516 feet) 

1,538 Gray sandstone 

1,710 Gray-green shale. Campeloma sp. (1,638 feet). Sphaerium cf. formosum 
Campeloma cf. limnaeiformis. Campeloma sp. (1,678 feet) 

1,730 Gray sandstone 

1,820 Gray-green shale 

1,830 Gray sandstone 

1,960 Gray-green shale containing Physa cope? at 1,954 feet 

1,980 Greenish brown shale 

1,981 Greenish brown shale containing pebbles 

2,134 Gray-green shale. Sphaerium cf. formosum (1,983 feet) 

2,145 Blue-gray, conglomeratic sandstone 

2,170 Gray to green shale. Viviparus reynoldsanus, Physa copei (2,160 feet) 


At least four 1-foot beds of pellet conglomerate occur in this section. 
The pellets are of subangular, green shale with reptilian bones in places, 
and the matrix consists of gray sandstone. 

Foremost.—The section assigned to the Foremost does not differ 
greatly from that of the Pale beds, but on the whole the rocks are more 


'M. Y. Williams and W. S. Dyer, “Geology of Southern Alberta and Southwestern 
Saskatchewan,” Geol. Survey of Canada Mem. 163 (1930), p. 11. ; 
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carbonaceous and contain more coal seams. Fossils, particularly Unio, 
are plentiful in certain beds. A noteworthy feature is a lack of induration 
and a marked tendency on the part of the shales to shear and slickenside. 


FOREMOST SECTION 


Depth in Feet Description 

2,170 Top of section 

2,188 Dark brown to gray-green shale containing beds of gray sandstone; S phaer- 
ium sp. Campeloma sp. 

2,189 Unio bed containing Unio danae and Unio melearni 

2,205 Dark gray to brown shale containing coal and a little amber; Murlesia sp.?, 
Sphaerium sp.?, and Viviparus cf. coyradi 

2,214 Dark brown to gray-green shale. Campeloma sp.; Physa ? sp. and S phaer- 
ium formosum 

2,219 Gray, micaceous sandstone 

2,231 Dark gray to green shale characterized by large specimens of Unio sp.? 

2,275 Dark gray to green shale 

2,280 Gray sandstone 

2,200 Dark brown to gray-green shale 

2,312 Gray sandstone, fine-grained, hard 

2,321 Gray-green, soft, friable shale 


2,330 Gray sandstone containing petrified wood 

2,352 Dark gray shale 

2,373 Dark brown and gray-green shales with coal. Unio sp.? and Vivi parus 
reynoldsanus 

2,392 Dark gray shales and thin beds of gray sandstone 

2,304 Bentonite 

2,414 Dark brown carbonaceous shales containing thin beds of coal } 

2,415 Coal + McKay 

2,416 Bentonite } 

2,418 Coal, bentonite, and lignitic shale 

2,420 Dark brown shale, with 6-inch bentonite at 2,421, and grading to sandstone 
in lower 2 feet 

2,530 “Verdigris” sandstone. (Named by S. E. Slipper from outcrop in Ver- 
digris Coulee) 


In the foregoing section there are at least three coal-bearing horizons. 
The first of these, from 2,188 to 2,214 feet, consists principally of dark 
gray to brown carbonaceous shale with thin gray sandstone lenses. At 
the top of this zone is a Unio bed. The second horizon, between 2,352 
and 2,373 feet, has more coal near the top, but shale predominates. 
The third and most important horizon occurs from a depth of 2,392 to 
2,418 feet. The top of this zone is marked by a 2-foot bed of bentonite 
below which there is 20 feet of dark brown, carbonaceous shale contain- 
ing much coal. From 2,414 to 2,415 feet and 2,416 to 2,418, there are 
coal seams. From 2,415 to 2,416 feet, and in the coal last mentioned 
there are conspicuous bentonite beds. This coaly member is correlated 
with the McKay seam, which is mined near the town of Milk River. 
Below the McKay coal there is 11 feet of soft, friable, dark brown car- 
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bonaceous shale which contains sulphur gas. This shale rests with sharp 
contact on the Verdigris sandstone. The sandstone is gray, coarse- 
grained, very calcareous, and contains gas. It has a thickness of 1o1 
feet and the contact with the underlying Pakowki equivalent is grada- 
tional. 

Pakowki equivalent—The Pakowki formation, as known from out- 
crops and well samples farther east, is different from beds in the same 
stratigraphic position at Spring Coulee. In the east the formation is a 
dark, marine shale, which thins westward. At Spring Coulee its equiva- 
lent consists of brown to gray, carbonaceous shale which contains coal 
and one non-marine fossil, Unio mclearni. These factors suggest that 
the rocks are of fresh-water origin, or at least brackish. The area, there- 
fore, is believed to have been one of continental or littoral sedimentation, 
lying west of, or near, the western shore line of the Pakowki sea. 


PAKOWKI EQUIVALENT SECTION 


Depth in Feet Description 


2,530 Top of section 
2,570 Brown to gray carbonaceous shale containing coal and Unio mclearni 


Milk River formation.—This part of the Cretaceous, which was not 
cored, is represented by 530 feet of light gray, limy, coarse-grained sand- 
stone, and gray-green to dark gray shales. Within the upper 300 feet, 
the formation consists of sandstone with about 25 per cent gray-green 
and 25 per cent dark gray shale; whereas the lower 230 feet contains only 
a trace of gray-green shale. It may be seen from this that the distinction 
between the upper and lower members depends on the gray-green shale 
content, although this distinction is mainly arbitrary. Another dis- 
tinction is the appearance of a pepper-and-salt sandstone from 2,870 to 
2,900 feet. The upper and lower contacts of the formation are poorly 
defined, as they are gradational with the overlying and underlying for- 
mations. 


MILK RIVER SECTION 


Depth in Feet Description 
2,570 Light gray limy sandstone with about 25 per cent dark gray shale and 25 
per cent gray-green shale. (Includes Upper Eagle of Montana) 
3,100 Light gray sandstone with 25 per cent dark gray shale and minor amounts 
of gray-green shale (Lower Milk River); Virgelle of Montana 


COLORADO FORMATION 


U pper member.—The change from Milk River sandstone to Colorado 
shale is gradual and the contact can not be definitely determined. How- 
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ever, in the rotary cuttings a change is noticeable at approximately 
3,100 feet, and at 3,160 feet the formation is shale. From this depth to 
4,200 feet, the sediments are mainly gray-black, slightly sandy shale, 
containing thin bentonite beds, ironstone concretions, pyrite crystals, 
calcite, and aragonite. At a few horizons the shale contains much sand- 
stone, sufficient in some places to constitute the major part of the rotary 
cuttings. The upper of these sandy beds, between 3,300 and 3,360 feet, 
may be equivalent to the Medicine Hat gas sand. This sand contains 
solidified hydrocarbons. 

Blackleaf member.—The lower 767 feet of the Colorado formation 
contains considerably more sand than the upper part. It has been termed 
the Blackleaf member in Montana. Its upper limit is not sharply de- 
fined. 

Four of the sandstones of the Blackleaf member are worthy of 
mention. The, highest of these, which occurred from 4,480 to 4,490 feet, 
contained an appreciable volume of gas. It has not been correlated 
with sands in other wells. The second sand was encountered from 4,655 
to 4,680 feet, the upper 7 feet of which contained oil. This sand is fine- 
grained, well cemented, slightly micaceous, and has a porosity of 9 per 
cent. It is closely correlative with the Bow Island gas sand. The third 
sand was encountered from 4,715 to 4,743 feet. This is a gray, coarse- 
grained, non-coherent sand, the lower 5 feet of which is porous and water- 
bearing. The fourth sand occurred between 4,758 and 4,796 feet. This 
is a gray, medium-grained sandstone containing water at the top, where 
it is uncemented. Below the fourth sand the Blackleaf consists mainly 
of gray-black shale with a few fragments of green shale, and is in sharp 
contact with the Blairmore-Kootenay formation at a depth of 4,967 
feet. Six feet above the contact the core contains pellets of green shale 
embedded in a matrix of gray-black sandy shale. 


COLORADO SECTION 
UPPER COLORADO SECTION 
Depth in Feet Description 

3,100 Top of section 

3,160 Transition zone; contains 60 per cent gray-black shale and 4o per cent gray 
sandstone 

3,300  Gray-black shale with some sand, bentonite, and ironstone 

3,300 Medicine Hat gas sand (?). Shaly sandstone containing hydrocarbons 
which give ether cut 


4,200 Gray-black shale with sandy lenses; traces of bentonite, pyrite, aragonite, 
calcite, chert, and ironstone 


you? 


4,200 
4,390 
4,410 
4,480 
4,490 
4,655 
4,680 
4,715 
4,743 
4,758 
4,790 
4,850 
4,861 
4,967 


W. S. YARWOOD 


BLACKLEAF MEMBER OF COLORADO 


Top of section 

Gray-black shale 75 per cent; dark gray sandstone 25 per cent 

Grit bed. (Similar to base of Benton, Turner Valley) 

Gray-black shale 70 per cent; dark gray to gray sandstone 30 per cent 
Gas sand 

Gray-black shale with green shale at 4,520 feet 

Bow Island gas sand (?). Gray, indurated, medium-grained sandstone 
Gray-black shale with green shale at 4,706 feet and 4,711 feet 

Gray, coarse-grained sandstone 

Gray-black shale 

Gray sandstone 

Gray-black shale with thin sand lenses 

Dark gray sandstone 

Gray-black shale with thin sand lenses and a few fragments of green shale 


BLALIRMORE FORMATION 


The formation has a total thickness of 675 feet. It consists of about 
60 per cent green shale, 22 per cent gray shale and 18 per cent of gray to 
green-gray sandstone. Within the green shales there are a few beds of 
maroon and variegated shales, none of which is thicker than 2 feet. This 
section differs from sections in the Red Coulee and Kevin-Sunburst oil 
fields, for in those fields there are prominent sandstones, particularly in 
the basal part, which contain oil and gas, and maroon shales are out- 
standing marker beds. The base of the formation is marked by a 2-foot 
bed of chert conglomerate. 


BLAIRMORE SECTION 


Depth in Feet Description 

4,907 Top of section 

5,100 Green shale section with gray sand lenses 

5,160 Medium gray sandstone 50 per cent; gray shale 25 per cent; green shale 
25 per cent 

5,212 Green and dark gray shale 

5,240 Gray sandstone 

5,250 Black carbonaceous shale containing coal 

55555 Green shale 60 per cent; dark gray shale 15 per cent; gray sandstone 20 
per cent; red shale 5 per cent 

5,005 Dark gray sandy shale containing fish scales (Cycloides) and light gray 
limestone containing volcanic ash or sponge spicules (?). Probably 
marine 

5,640 Variegated shale with Unio hamili and Corbula onestae? bed at 5,625 feet. 

Fresh-water 
5,642 Chert conglomerate; basal member of Cretaceous. Base Vanalta sand Red 


Coulee 


The upper 588 feet of the section, from 4,967 to 5,555 feet, consists 
of alternating beds of shale and sandstone. Within this division, the 
most conspicuous bed is a carbonaceous shale, from 5,240 to 5,250 feet, 
which contains some coal. Maroon shales occur at 5,046-5,047, 5,060- 
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5,061, 5,361-5,362, and 5,459-5,461 feet. The fossil record comprises 
fresh-water flora only. These, together with the coal and maroon shales, 
indicate continental deposition for this division. 

The part of the section from 5,555 to 5,605 feet contains dark gray 
sandy shales and a 6-foot bed of limestone, from 5,579 to 5,585 feet. 
The shales are similar to those of the Blackleaf and contain fish scales 
(Cycloides). The limestone contains volcanic ash' or sponge spicules? or 
both. It is thought that the fish scales and spicules suggest marine depo- 
sition. The lower part, including the basal 37 feet of the formation, from 
5,605 to 5,642 feet, contains 35 feet of shales resting on 2 feet of chert 
conglomerate. The shales are gray-green, dark gray, purple, and red. 
At 5,625 feet two species of non-marine fossils, Unio hamili and Corbula 
onestae?, were found. The conglomerate contains black chert pebbles, 
having an average diameter of 1 millimeter and a maximum diameter of 
2 centimeters. They are rounded to subangular in form. The matrix 
is soft non-calcareous clay containing disseminated grains of pyrite. 
This bed is similar, in its megascopic appearance, to that cored in Al- 
berta Petroleum Consolidated’s well No. 1 at Red Coulee, where it is 
regarded as marking the base of the Cretaceous system. 


JURASSIC 


Fernie formation.—The Fernie formation, which is the approximate 
time equivalent of the Ellis, as recognized in Montana, has a thickness 
of 323 feet. It consists mainly of greenish black, calcareous, thin- 
bedded shales in which Belemnites are plentiful. There are several thin 
limestone bands, ranging in thickness from 2 inches to 1 foot within the 
shales. The upper 25 feet of the formation is brown, shaly sandstone 
(brown ribbon sand), and the basal 54 feet is mainly limestone. Belem- 
nites and glauconite are conspicuous in the upper 15 feet of this basal 
member. The lower 37 feet, which is a hard, gray, cherty limestone con- 
taining oil and gas, rests on limestone which is probably Paleozoic in age. 

The Fernie section may be conveniently divided into four units. 
The upper, from 5,642 to 5,667 feet, is brown, shaly, laminated, fine- 
grained, micaceous sandstone. Pyrite concretions are plentiful. The 
unit seems to be correlative with the brown ribbon sandstone of Turner 
Valley. The second unit, from 5,667 to 5,911, consists of greenish black 
shales with glauconitic beds. Coal and bentonite occur in the shale at 
5,687 feet and a few fragments of red shale and pyrite crystals occur at 


‘A. J. Goodman, personal communication. 


2J. A. Allan, personal communication. 
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FERNIE SECTION 


Depth in Feet Description 

5,642 Top of section 

5,667 “Brown ribbon” sandstone (Turner Valley Dalhousie) 

5,911 Dark gray shale containing sporadic Belemnites; thin, gray limestone bands, 
total 3 per cent of section; glauconitic shale (5,687 and 5,810-17 feet). 
Coal and bentonite (5,687 feet). Traces of red shale and pyrite. Fish 
scale (5,750 feet). Astarte ? (5,796 feet). Pleuramya cf. obtusiporata, 
5,818 feet (Upper Jurassic fossil) 

5,918 Gray-black shale containing Belemnites, pyrite, and glauconite 

5,926 Gray massive limestone containing Belemnites, glauconite, and odlitic 
pyrite 

5,928 Gray-black shale containing pyrite 

5,965 White to brown, sandy, cherty, mottled limestone with rhynchonellid 
brachiopods at top 


widely separated intervals. Fossils are not uncommon, particularly 
Belemnites. The third unit, from 5,911 to 5,928 feet, comprises 7 feet of 
gray-black, pyritiferous and glauconitic shale containing Belemnites; 8 
feet of gray massive limestone, bearing glauconite, pyrite, and Belemnites; 
and 2 feet of gray-black shale, containing much pyrite. The fourth unit, 
from 5,928 to 5,965 feet, is a white to brown, sandy, cherty limestone. 
It is finely crystalline and contains many vugs, in which calcite and 
solidified hydrocarbons are common. The basal ro feet contains thin 
beds of black shale in dark limestone. At a depth of 5,928 feet four 
specimens of rhynchonellid brachiopods were obtained. Imperfect 
preservation of these fossils does not permit specific determination, con- 
sequently the age of this limestone unit is not definitely settled. It may 
be Paleozoic, though its lithologic appearance conforms closely with 
basal Jurassic limestone exposed on the east butte of Sweetgrass Hills in 
Montana. Gas occurs throughout the limestone and several feet of core 
contained oil showings. 


PALEOZOIC 


Madison.—From 5,965 to 5,970 feet, which is the present depth of 
the well, the formation consists of very hard, cream-colored cherty lime- 
stone, which is regarded as Madison in age. Further drilling may furnish 
information which will definitely determine the age of this limestone. 


CORRELATION 


The Spring Coulee well, which is located between areas previously 
drilled in the foothills on the west and the plains on the east, suggests 
interesting correlations between these areas. The Cretaceous section, 
down to the base of the Colorado shale, is similar to that of the plains, 
although the Pakowki equivalent is of continental origin rather than of 
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marine, and the formations in general are thicker. The Pale beds-Fore- 
most section is about 200 feet thicker than it is on the east, and its basal 
member, the Verdigris sandstone, has a thickness of 1o1 feet, which is 
much greater than elsewhere. The Colorado shale is slightly thicker 
and its lowest member, the Blackleaf, contains several prominent sand- 
stones. Below the Colorado, the formations correspond more closely 
with sections in the foothills than with sections in the plains. This 
feature is particularly true in the Fernie. 

In the Blairmore formation, equivalents of the Sunburst sand of 
Montana and the “ Venalta sand” of Red Coulee seem to be shale. The 
base of the formation is marked by a chert conglomerate, which seems 
to be present in both Turner Valley and Red Coulee. In Turner Valley 
this conglomerate separates the Dalhousie sand into two units, the 
“gray Dalhousie’ sand above and the brown ribbon sandstone below. 
In Red Coulee the conglomerate lies at the base of the Vanalta sand. 
Hence, the gray Dalhousie at Turner Valley and the Vanalta sand in 
Red Coulee are probably equivalent. The conglomerate at Spring 
Coulee separates two formations which are entirely different lithological- 
ly. A widely distributed chert conglomerate in the foothills has been 
used to separate the Blairmore from the Kootenay formation." It is 
believed that the conglomerate in the well at Spring Coulee may be cor- 
relative with that mentioned in the foothills. For this reason the section 
above the conglomerate and below the Colorado is thought to be Blair- 
more in age. 

Brown ribbon sandstone bands have been recognized at the follow- 
ing localities in the foothills: Canyon Creek; at several places in the 
Brazeau Range area; in the Nikanassin Range area;? the Highwood; and 
Turner Valley.2 The age of these brown sands is a matter of dispute, 
for they have been referred to the Fernie as well as to the Kootenay for- 
mation of the disturbed belt. They have not been recognized as such 
in the plains east of Spring Coulee, although the brown shale below the 
Sunburst sand in Montana may represent the same zone. As the brown 
ribbon sandstone at Spring Coulee resembles them, it may be Kootenay 
in age, but its transitional contact with underlying Fernie shale militates 
against this theory. If this is Fernie, the Kootenay is entirely lacking 
in the plains. 

"J. S. Stewart, “Geology of Disturbed Belt of Southwestern Alberta,” Geol. Survey 
of Canada Mem. 112 (1915), pp. 25-31. 
2J. B. Webb, personal communication. 


3P. D. Moore, personal communication. 
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STRATIGRAPHY OF SPRING COULEE WELL 
SUPPLEMENTARY PAPER' 


W. P. MELLEN and F. W. ROHWER? 
Calgary, Alberta 


ABSTRACT 


Since Yarwood wrote his paper on the “Stratigraphy of Spring Coulee Well,” 
in which he gave the section down to the depth of 5,970 feet, the well has been com- 
pleted at a depth of 6,191 feet. Record of the additional information is given so that 
the log may be complete. Recent information as to the age of the limestone is included. 


All strata below 5,935 feet in the well are limestone, and are now re- 
garded as of Madison (Mississippian) age. Beds which were formerly con- 
sidered, on lithologic evidence, to be Jurassic are now classified as Paleo- 
zoic, as a result of recent microscopic studies. Examination of thin 
sections by A. J. Goodman has shown secondary silica in the limestone 
at 5,940 feet. The deposition of secondary silica within the limestone is 
considered to have occurred within the leached limestone zone by waters 


rich in alkaline silicates which washed over the Paleozoic land mass 
before marine Jurassic time. All the limestone below 5,965 feet is lith- 
ologically similar to the Madison. Bryozoans from 5,972 and 6,007 feet 
were determined by R. S. Bassler! to indicate Mississippian age. As 
there are no marked lithologic differences in the sediments, and no breaks, 
which might be regarded as formational boundaries between 5,935 and 
6,191 feet, all of the section is regarded as Madison. 

The most remarkable features of this section are the exceptional 
amount of soft, porous limestone in it and a scarcity of chert, as compared 
with Madison sections from other wells. The drilling was easier than 
is ordinarily experienced in the Madison, as much as 5 feet an hour often 

‘Published with the permission of the Frontier Developments, Ltd. Manuscript 
received, May 18, 1931. 


2Geologists with the Frontier Developments, Ltd. Introduced by Theodore A. 
Link. 


3Personal communication from A. J. Goodman, office of the supervisory mining 
engineer, Immigration Building, Calgary, Alberta. 


4Personal communication from R. S. Bassler, Smithsonian Institution, Washing- 
ton, D.C. 
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5910 


BLACK SHALE, BELEMNITES, PYRITE 
LIMESTONE, BELEMNITES 
2° BLACK SHALE, GLAUCONITE 


LIMESTONE, BELEMNITES 


GAS SHOW SULPHUR ODOR 

J OK.GRAY LIMESTONE GLAUCONITIC, BELEMNITES 
3” PYRITE AT BASE 

2°GRAY SHALE,MUCH PYRITE 


5920 


URASSIC (FERNIE) 


? 


7° NO RECOVERY 


LIGHT GRAV LIMESTONE, BANDS 
SECONDARY SILICA (GOODMAN) 


4 BROWN SANDY LIMESTONE, CHERTY 
HEAVY O11 SATURATION 


3 NO RECOVERY 


O'LIGHT GRAY STORE with 
CHERT, IRON SULPHIDE AND PYROBITU 


SANDY LIMESTONE 


FRAGMENTAL RECOVERY SANDY LIMESTONE 


3960 


JGRAY LIMESTONE WITH 3” BLACK LIMY SHALE 

3” DARK GRAY SHALY LIMESTONE 

SPARK GRAY LIMESTONE 

2°LIGHT GRAY CRYSTALLINE LIMESTONE 
CRINOID AND MISSISSIPPIAN BRYOZOA 

4 NO RECOVERY 


MISSISSIPPIAN (MADISON) 
5950 


59,70 


OIL SATURATION 


LIGHT GRAY CRYSTALLINE LIME 
STYLOLITIC STRUCTURE, PYROBITUMEN 


16'NO RECOVERY 
DRILLED SIMILAR TO ABOVE LIMESTONE 


HARDER DRILLING 


6' FASTER DRILLING 
DITCH SAMPLE-GRAY LIMESTONE, SAND AND SHALE 


LIGHT GRAVY LIMESTONE 
IRON SULPHIDE WITH TRACE PYRITE 


2” DARK GRAY LIMY SHALE 

HARD DENSE LIMESTONE CHERTY, STYLOLITIC 
MISSISSIPPIAN BRYOZOA (BASSLER) 

16" VERY HARD CHERTY LIGHT GRAY LIMESTONE 


4’ LIGHT GRAY COMPACT CRYSTALLINE LIMESTONE 


S' DARK GRAY LIMESTONE VERY POROUS CORAL Diphyphyllum 
GOOD OL SATURATION DARK COLOR DUE TO PYROBITUMEN 


12’ NO RECOVERY 


602! TO 619! 15% CORE RECOVERY WITH DITCH SAMPLES. 
SOFT LIGHT GRAY TO WHITE CRYSTALLINE LIMESTONE, 
DOLOMITIC WITH ALMOST PURE DOLOMITE AT BASE. 
POROUS BY DOLOMIT IZATION INCREASING 

WITH DEPTH 

FOSSILIFEROUS MAINLY BRYOZOA WITH CRINOID STEMS 
STYLOLITE STRUCTURE AT 6177 

SULPHUR WATER INCREASING TOWARD BOTTOM UNDER 
2200 LBS. PRESSURE PER 5@ INCH 

AVERAGE DRILLING TIME-| HOUR TO 4 FEET 

HARDER BEDS AT 6033 TO 6038 

DENSE LIMESTONE WITH CHERT 6059-6065 


Z TOTAL DEPTH 4191 


Fic. 1.—Log of limestone section at bottom of Spring Coulee well. Depths 
shown in feet. 
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being made. From 5,935 to 5,970 feet the limestone is fairly hard and 
dense. Below that depth it is increasingly soft and porous. The dense- 
ness of the upper zone is probably the result of cementation from sili- 
cious and calcareous circulating waters of pre-Jurassic time. The por- 
osity of the lower zone is probably the result of dolomitization. 

Most of the limestone is white to light gray, exceptions occurring 
in only a few spots where iron sulphide' and pyrobituminous material 
make it darker gray. Above 5,970 feet the limestone is finely crystalline 
and dense. From 6,009 to 6,016 feet and from 6,030 to 6,059 feet it is 
also finely crystalline but porous. It is slightly sandy from 5,954 to 
5,963 feet. In other parts it is coarsely crystalline, exceedingly so from 
5,970 to 5,984 feet. The extreme hardness of parts of the limestone is 
caused by the presence of chert, either in the form of nodules ranging 
from % inch to 3 inches in diameter, or as thin bands. Chert occurs 
sparingly throughout the greater part of the upper zone, but is plentiful 
at the upper and lower limits of that zone, or from 5,935 to 5,943 feet 
and from 5,963 to 5,970 feet. In the soft zone it occurs at the following 
depths: 6,004 to 6,016, 6,033 to 6,038, 6,059 to 6,065, and 6,117 to 6,118 
feet. In this zone dolomitization seemingly increases downward to a 
depth of 6,172 feet, where it approaches a theoretically pure dolomite, 
as shown by analyses by W. P. Campbell? and A. J. Goodman.3 Camp- 
bell’s qualitative chemical analysis showed the percentage of magnesium 
to be very large, but Goodman’s stain test of thin sections showed only 
minute fractions of the sections to be calcium carbonate. 

Fossil bryozoans are plentiful in the soft zone. Crinoids and corals 
are also present. Dolomitization around these has caused much por- 
osity. Well developed styolitic structure was observed at the following 
depths: 5,979, 5,992, 6,003, 6,009, 6,012, 6,035, and 6,177 feet. Vugs 
are common in the dense parts of the limestone. They range in size 
from % inch to % inch in diameter, and are invariably lined with small 
crystals of calcite coated with pyrobitumen. 

The preponderance of opinion among Alberta geologists is, that 
the greater part of this section of Madison limestone is younger than that 
found in other plains wells east and north of Spring Coulee. This 
gives added evidence that the planation, which occurred during the 


‘Analysis by W. P. Campbell, office of supervisory mining engineer, Immigration 
Building, Calgary, Alberta. 


2Op. cit. 
3Op. cit. 
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interval between Paleozoic and Jurassic time, was progressively deeper 
into the Paleozoic sediments in a northeasterly direction.' All of the 
cores from 5,937 to 6,033 contained live oil of 31.2° Bé. gravity. The 
best saturation was from 5,946 to 5,955 feet. Gas bubbled from most 
of these cores after they were removed from the barrel. This situation 
is similar to that in the Kevin-Sunburst field, but different from that 
found in most southern Alberta wells, in that they have generally en- 
countered barren limestone in the upper part of their Madison sections. 

Bailing tests made at 5,970, 5,994, 6,009, and 6,053 feet showed that 
there was very little pressure, either gas or hydrostatic, in the zone of 
oil saturation. Part, if not all, of the dolomite below 6,055 feet bears 
sulphur water. The fifth bailing test at 6,191 feet showed the water 
column to be 5,263 feet high, or under a pressure of more than 2,20c 
pounds per square inch. 


*Theodore A. Link, “‘ Alberta Syncline, Canada,” Bull. Amer. Assoc. Petrol. Geol., 
Voi. 15, No. 5 (May, 1931). 
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INVERTEBRATE PALEONTOLOGY OF SOUTHERN 
PLAINS OF ALBERTA' 


P. S. WARREN? 
Edmonton, Alberta 


ABSTRACT 


This discussion deals with faunas of the Cretaceous formations exposed in the 
plains of southern Alberta. Faunas older than the Milk River sandstone are not dis- 
cussed. Local occurrences of fossils have made detailed paleontologic correlations in 
Alberta decidedly difficult. The marine, fresh-water, and brackish-water faunas are 
fairly constant and show little variation throughout Montana time, although some 
forms may be ascribed to definite horizons. This is particularly true of the Pakowki 
and Bearpaw shales, which are also definite lithologic units. The most plentiful and 
typical fossils are described and illustrated. 


Most of the formations underlying the southern plains of Alberta 
may be correlated with the Montana division of the Upper Cretaceous. 
Later formations of Paleocene age are present, but they are, for the most 
part, of minor significance and their separation from the highest Cre- 
taceous beds on invertebrate fossil evidence is doubtful. For this reason, 
we may limit ourselves, in the scope of this paper, to the Montana 
faunas. 

The division of Montana time into smaller units on paleontological 
evidence has not been attended with the same success as has that of 
Colorado time. Ammonites, the great time markers of the Mesozoic, 
become scarce in the highest Cretaceous beds, and such species as are 
obtained in southern Alberta seem to have a long time range and have 
not, so far, proved useful in the demarcation of limited zones. Though 
they could be so employed, their scarcity would militate against their 
use by the practising geologist. 

Other types of fossils do not seem to be limited in their vertical 
distribution. The lowest marine beds of the Montana contain a fauna 
which can be duplicated, for the most part, in the highest marine beds. 
Fossils are generally scarce in the marine beds and any discrepancy be- 


*Presented before the Alberta Society of Petroleum Geologists, April 18, 1931- 
Manuscript received, May 18, 1931. 


2Associate professor of geology, University of Alberta. 
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tween faunas of different formations may be due to the exigencies of 
collecting rather than to a distinct faunal change. 

Differences in faunas, of course, do occur in the Montana formations, 
but they are the result of differences in habitat rather than of difference 
in age. In Montana time the sea was oscillatory in southern Alberta, as 
a result of the initiation of orogenic movements in the Rocky Mountain 
geosyncline on the west. Much coarse detritus was deposited, probably 
as large deltas along the shore line. Such conditions resulted in variation 
of the fauna depending on the salinity of the sea. Consequently we dis- 
tinguish marine, brackish-water, and fresh-water faunas and the three 
types may all be present in one formation. Marine conditions prevailed 
most strongly in Pakowki and Bearpaw time and most of the faunas of 
these formations are marine. In Belly River time true marine conditions 
probably prevailed for very limited periods in the lower part of the 
series, most of the faunas present in the Belly River being of fresh- and 
brackish-water habitat. In the St. Mary River formation marine con- 
ditions ceased to exist and the faunas are mostly of the fresh-water type. 

Although the marine formations do not show any sequence of faunas 
by which the various units may be detected, the fresh- and brackish-water 
faunas present certain variations which may be of diagnostic value. It 
should be emphasized, however, that such faunas may change in charac- 
ter laterally and conditions prevalent in one locality may not persist 
throughout the whole area. In fact, it is the Jocal occurrence of fossils 
that has greatly retarded detailed stratigraphic work in Alberta. 

Although the marine fauna is fairly constant throughout Montana 
time, nevertheless, certain fossils are more prolific at definite horizons 
and it has been found practicable in limited areas to depend on the pro- 
fusion of certain forms as horizon markers. Such a scheme must be used 
with considerable discretion, for it may confuse the uninitiated. In the 
following pages we have listed the most plentiful and typical fossils of 
the different formations. 

Milk River sandstone —The Milk River sandstone is of continental 
origin and a considerable part of the formation is undoubtedly of sub- 


EXPLANATION OF PLATE I 
(Marine species) 
. 1.—Arctica ovata (M. & H.). 
. 2.—Acanthoscaphites nodosus var. quadrangularis (M. & H.). 


. 3.—Inoceramus barabini Morton. 
. 4.—Gervillia borealis Whiteaves. 
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aerial deposition. Fossils are extremely rare. In two or three localities 
fossil plants have been obtained, but they are not sufficiently well pre- 
served, as a rule, to be of much diagnostic value. 

Pakowki shale-—Fossils are rare in the Pakowki shale and those that 
do occur are obtained also from higher horizons. The fauna is typically 
marine, but brackish-water forms have been reported from the passage 
beds at the top of the formation. It seems best in the confines of this 
paper to consider the passage beds containing the brackish-water fauna 
as a member of the overlying Foremost beds and reserve the name Pa- 
kowki shale for the purely marine deposits. 

Only eight marine species have been reported from the Pakowki 
shale and of these five are extremely rare. The three species that occur 
most profusely are Oxyloma nebrascana E. & S., Liopistha undata M. & 
H., and Baculites compressus Say. The Oxytoma has a long time range 
extending from the Niobrara fauna of the Colorado group below to the 
Bearpaw shale above. It is probably at its maximum in the Pakowki 
shale. Liopistha undata appears first in the Pakowki shale and extends 
upward to the Bearpaw shale. It is reported as being more diagnostic 
of the Pakowki. Baculites compressus has a long time range through the 
Montana and was probably initiated in Pakowki time. Below this hori- 
zon Baculites ovatus is more plentiful. Though common in the Pakowki 
shale, Baculites compressus can not be considered in any way diagnostic 
of the formation, as it also occurs in considerable profusion in the Bear- 
paw. 

The occurrence of these three species in considerable profusion is 
thought to be fairly diagnostic of the Pakowki shale, if at the same time 
we take into consideration the absence of other forms which occur some- 
what plentifully in the Bearpaw shale. 

Foremost and Pale beds.—The fauna of the Foremost and Pale beds 
include marine, brackish, and fresh-water species. Marine species are 
not plentiful and are largely limited in their distribution to the Foremost 
beds, and are found, for the most part, only in the lower part of that for- 


EXPLANATION OF PLATE 2 
(Marine species) 


Fic. 1 and Fic. 2.—Baculites compressus Say. Fig. 2 shows outline of cross section. 
Fic. 3.—Lunatia obliquata (H. & M.). 

Fic. 4.—Protocardia subquadrata (E. & S.). 

Fic. 5.—Liopistha undata (M. & H.). 
Fic. 6.—Pteria linguiformis (E. & S.). 
Fic. 7.—Oxytoma nebrascana (E. & S.). 
Fic. 8.—Placenticeras intercalare Meek. 
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mation. ‘The brackish-water fauna occurs at a few definite horizons 
throughout the two formations, but is so plentiful when it is present 
that it far overshadows the fresh-water fauna, although the beds of 
fresh-water deposition are far in excess of those deposited in brackish 
water. 

The most plentiful marine species found in the Foremost beds is 
Mactra alta M. & H. This species is also found in the Pakowki and Bear- 
paw shales, but is nowhere plentiful in these formations. 

The most common brackish-water species are here listed. 


Ostrea subtrigonalis 1. & S. Corbula subtrigonalis M. & H. 
Ostrea glabra M. & H. Corbula perangulata Whiteaves 
Corbicula occidentalis M. & UH. Meiania whiteavesi Stanton 
Corbula perundata M. & H. Velatella rectistriata Dyer 


These fossils are so plentiful that many of them form beds as much 
as 3 feet in thickness; in fact the Ostrea and Corbula beds are probably 
the best horizon markers in the Belly River series. 

The most common fresh-water fossils are as follows. 


Unio danae M. & H. Campeloma praecursa Dyer 
Sphaerium planum M. & H. Physa canadensis Whiteaves 
Viviparus conradi M. & H. 


The fresh-water forms are more evenly dispersed throughout the 
Pale and Foremost beds, but beds as much as a foot in thickness composed 
almost entirely of Unio do occur. It is very probable that the greater 


EXPLANATION OF PLATE 3 
(Brackish- and fresh-water species) 


Fic. 1 and Fic. 2.—Velatella rectistriata Dyer. 
. 3.—Ostrea glabra M. & H. A form typical of Pale beds. 
. 4.—Ostrea subtrigonalis E. & S. 
3. 5.—Campeloma limnaeiformis (M. & H.). 
Fic. 6 and Fic. 7.—Corbula subtrigonalis M. & H., showing variation in shape. 
fic. 8 and Fic. 9.—Corbula perundata M. & H. 
3. 10.—Melania wyomingensis White. 
. 11.—Melania whiteavesi Stanton. 
. 12.—Ostrea glabra M. & H. A form typical of Foxhill sandstone. 
. 13.—Corbula perangulata Whiteaves. 
;. 14.—Viviparus leai M. & H. 
. 15.—Campeloma multilineata (M. & H.). 
. 16.—Campeloma producta White. 
;. 17.—Physa canadensis Whiteaves. 
;. 18.—Campeloma praecursa Dyer. 
3. 19.—Corbicula occidentalis M. & H. A large form typical of Foxhill sandstone 
>. 20.—Unio danae M. & H. 
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number of the specimens of Unio collected from these formations have 
been obtained from these beds. 

The distinction of Foremost and Pale beds on lithological grounds 
is not invariably reliable and the exact boundary between the two forma- 
tions is located from personal judgment to a large extent. Fossil evi- 
dence is not of much assistance, but there are certain paleontological 
aspects of the two formations that should be stressed. 

Ostrea subtrigonalis is more characteristic of the Foremost beds. 
It is known to occur at the very top of the Pale beds at Lethbridge, but 
it has no wide distribution in that formation. However, Ostrea glabra 
is characteristic of the Pale beds, though it occurs in the highest part of 
the Foremost beds in at least one locality. The common form is a very 
thin variety of the species, thus distinguishing the Pale beds from higher 
brackish and marine horizons where thicker varieties are more common. 
Of the Corbulae, C. perangulata is characteristic of the Pale beds, though 
it also occurs at higher horizons. Its occurrence in the Foremost beds 
is very irregular. C. subtrigonalis and C. perundata are more character- 
istic of the Foremost beds, where they occur in profusion. They are 
obtained from few higher horizons. In this respect C. perundata is the 
more diagnostic, as C. subtrigonalis has been obtained from some of the 
highest Montana beds. 

From our present knowledge of the fresh-water fauna of the Pale 
and Foremost beds, it seems to have little diagnostic value. It is prob- 
able that in the future small varietal differences in some of the species 
may be of value in distinguishing the two formations. 

Bearpaw fauna.—The Bearpaw shale contains a marine fauna that 
is representative of most of Montana time. Practically no marine 
species have been reported from higher or lower formations that do not 
also occur in the Bearpaw. The formation is more fossiliferous than 
other marine horizons and bears an extensive fauna. Many of the 
species found in the Bearpaw have not as yet been reported from other 
horizons, but it is doubtful if such species should be considered diagnostic 
of the formation. Montana marine species, as a whole, have a very long 
time range and their seeming absence from some horizons may be ex- 
plained, in large part, by the exigencies of collecting. 

The most common species found in the Bearpaw are here listed. 


Inoceramus barabini Morton Dentalium gracile M. & H. 
Gervillia borealis Whiteaves Acanthosca phites nodosus Owen 
Protocardia subquadrata E. & S. Placenticeras meeki Boehm 
Pteria linguiformis E. & S. Placenticeras intercalare M. & H. 
Arctica ovata (M. & H.) Baculites compressus Say 
Lunatia obliquata (H. & M.) 
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Most of the Bearpaw fauna has an erratic distribution through the 
formation. Such forms, however, as Placenticeras and Arctica are found, 
for the most part, at one definite horizon and are but sparsely represented 
otherwise. 

Foxhills fauna.—The Foxhills sandstone represents the retreat of 
the Bearpaw sea, and the marine fauna is essentially the same as that 
of the Bearpaw. Brackish-water forms occur in greater profusion than 
marine forms in Alberta and seem to be more diagnostic of the formation. 
Corbula perangulata, Corbicula occidentalis, and a thick, heavy variety of 
Ostrea glabra are the principal pelecypods, and Melania wyomingensis 
White the chief gastropod. The peculiar form Halymenites major Les- 
quereux is plentiful in places and is especially diagnostic of the formation. 

St. Mary River formation.—The fauna of the St. Mary River sand- 
stone differs considerably from that of the Belly River formations, but 
is not essentially different from the overlying Cretaceous and Paleocene 
beds. It is essentially a fresh-water fauna. Such species as Sphaerium 
planum M. & H., Unio danae M. & H., and Physa canadensis Whiteaves 
have a long time range and occur in both Belly River and St. Mary River 
as well as in higher formations. The occurrence of such forms as Sphaer- 
ium formosum M. & H., Viviparus leat M. & H., Campeloma producta 
White, Campeloma multilineata (M. & H.), Campeloma limnaeformis 


(M. & H.), and Valvata bicincta Whiteaves in the St. Mary River are 
sufficiently diagnostic to distinguish that formation from the Belly River. 
They all continue, however, into the higher beds and there seems to be 
no sound paleontological basis by which the St. Mary River can be sep- 
arated from the overlying Willow Creek or Paskapoo formations. 
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GEOLOGICAL NOTES 


CLASSIFICATION OF ZWOLLE FIELD, LOUISIANA, AS 
LIMESTONE RESERVOIR 


Study of limestone reservoirs has been one of the research projects 
of the American Petroleum Institute. Most of the information secured 
to date has been obtained through the work of W. V. Howard and asso- 
ciates at the University of Illinois. As oil in the Zwolle field of Louisiana 
is produced from a chalk series, a type of limestone, some of their data 
have been applied to the problems there. 

Oil occurrence at Zwolle is very irregular. So extreme is this condi- 
tion that nearly all good wells are offset by small producers or dry holes. 
Only about one out of five carefully chosen locations makes a well. This 
condition has deterred development and resulted in investigation of 
causes. 

The oil has been regarded as coming from the so-called ‘Zwolle 
marl,” overlying the chalk series proper, which latter, according to Hut- 
son,’ is probably Marlbrook and Annona in age. The marl probably 
represents the time interval from the Midway to the Marlbrook. How- 
ever, Hutson and Norton? have said that evidence in cores sub- 
mitted to them indicated that the oil does not come from the marl, but 
from the chalk. Cores of the marl are tight and non-petroliferous. 

Subsurface study indicates that there has been structural deforma- 
tion. Drilling reveals faults, fractures, cavities, and porous zones. The 
oil is produced from these. A short distance away, none whatever is 
secured. Whether there are fracture zones associated with a large fault 
or faults is not known, but this condition may exist. 

Structurally, the Zwolle field collectively (several small areas of 
production are regarded as comprising Zwolle) seems to be located on a 
large southeastward-plunging anticline or nose, with indications of 
considerable faulting on the south side. Drilling to date has shown that 
though production is related to this regional “high,” small pools may be 


'E. B. Hutson, paleontologist, Standard Oil Company of Louisiana at Shreveport, 
Louisiana. Oral communication. 


2R. D. Norton, paleontologist at the Shreveport office of The Texas Company. 
Oral communication. 
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found either high or low on it. The best spots of production need not be 
q the highest structurally. 
F The oil is ordinarily obtained at or near the top of the chalk close to 
a possibly unconformable contact with the marl, but in places oil is en- 
; countered only after drilling into the chalk, perhaps where a fracture or 


cavity is crossed or entered. 

The extent and continuity of the faults, fractures, and cavities is 
4 shown by the behavior of the oil and water. Thus, an oil well brought 
y in as an offset to a producer may cause the latter to “go dead.” Failures 
not drilled through the chalk generally show no water. If the chalk is 
completely penetrated, copious quantities of water are encountered in 
the sand underneath. Most producing wells soon make water. Analyses 
of this water and the water in the underlying sand are similar. It thus 
seems, as suggested by R. E. Heithecker,' United States Bureau of Mines 
representative now making a study of the field, that the fractures may 
extend completely through the chalk and that the water moves up through 
them. 

H. H. Pier’ made porosity tests on chalk cores, both from a dry hole 
offsetting a producer and from one not near a productive well. He found 
the average porosity was 14 per cent. These cores, however, showed no 


+ oil, although seemingly some could be expected. 

a Furthermore, Heithecker placed a barren piece of chalk core in Zwolle 
; crude in November, 1930. When examined and broken open in March, 
“4 1931, the core had been completely saturated by capillary action, showing 


q that oil can migrate through the barren chalk. 
4 Comparison with producing chalk is difficult because, according to 
| the writer’s information, there is no such authentic core, although a 
fragment blown out of the Lide ef al. Sabine Lumber Company’s well 
: No. 1 in Sec. 30, T. 8 N., R. 12 W., had a honey-combed and weathered 
appearance, and its porosity was evidently considerably greater than 14 
per cent. Its weathered appearance suggests an unconformity, indicating 
that this chalk was once part of a land area. 

To explain the absence of oil in adjacent chalk with 14 per cent por- 
osity is somewhat difficult when seemingly oil can move through it. Per- 
: haps the porosity, if there are extensive porous zones not connected with 
large fractures and faults, is discontinuous,’ the tight zones acting as ~ 
barriers in much of the formation. A porous zone only 2 feet thick can 


'R. E. Heithecker, U. S. Bur. of Mines Shreveport office. Oral communication, 


2H. H. Pier, chemist, Louisiana Dept. of Conservation, Shreveport, Louisiana. 


3A. N. Murray, “Limestone Oil Reservoirs of the Northeastern United States 
and of Ontario, Canada,” Econ. Geol., Vol. 25, No. 5 (August, 1930), p. 453. 
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produce much oil, as shown in the Arbuckle limestone at Oklahoma City." 

The barren chalk cores indicate to the writer that the oil is not in- 
digenous. Its high gravity of 40° Bé. may indicate that it migrated 
for some distance and was fractionated.? Perhaps the oil migrated in 
from the sand below the Annona chalk after subsidence and fracturing 
of the chalk and capping by the marl. It may be that the sides of the 
fractures, faults, and large and small cavities were sealed off by deposition 
of calcite before the old land area was submerged. Murray? noted such a 
condition in the Niagara limestone at Monon, Indiana. Hutson‘ reports 
he has found calcite-filled fractures in cores. This is one way of accounting 
for the absence of oil in porous dry cores. 

In short, from the foregoing there is evidence that (1) the chalk series 
was once above water and had some secondary porosity developed before 
subsidence and capping by the marl; (2) that fracturing and faulting 
occurred because of crustal deformation; (3) that oil is found only in 
fractures and faults and in cavities and porous chalk adjacent to them; 
(4) that water is found only in those places; and (5) that oil may be found 
either high or low on the regional structure. 

Application of these data under Howard’s classification of limestone 
reservoirs suggests that the Zwolle field should be placed in the fractured 
limestone group with the fracturing caused by crustal movement mod- 
ified by some secondary porosity. It may thus really be a combination 
of two types. 

Hvuco R. Kams 


SHREVEPORT, LOUISIANA® 
April 18, 1931 


‘Homer H. Charles, “Oklahoma City Field, Oklahoma,” Bull. Amer. Assoc. Petrol 
Geol., Vol. 14, No. 12 (December, 1930), p. 1524. 


2W. V. Howard and W. W. Love, “‘Some Properties of Limestone as a Reservoir 
Rock,” Econ. Geol., Vol. 25, No. 7 (November, 1930), pp. 721-22. 


3Op. cit., p. 453. 
4Oral communication. 


SW. V. Howard, “A Classification of Limestone Reservoirs,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 12, No. 12 (December, 1928), p. 1155. 


“Present address, 2215 Russell Avenue, North, Minneapolis, Minnesota. 
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UNITED STATES GEOLOGICAL SURVEY BULLETIN 
CORRECTION 


W. C. Mendenhall, acting director of the U. S. Geological Survey, 
desires to bring to the attention of Association members an error in the 
definition of the Moreno formation as published in the Survey Bulletin 
826, the lexicon of California stratigraphy. The following copy of a 
correction slip to be inserted opposite page 52 in Bulletin 826 will be 
sent to anyone, especially anyone who has already received that bulle- 
tin, on application to the Survey at Washington, D. C. 


CORRECTION 
Moreno formation. 
Upper Cretaceous: Southern California (Diablo Range). 


R. Anderson and R. W. Pack, 1915 (U.S. Geol. Survey Bull. 603). Upper forma- 
tion of Chico group. Rests conformably on Panoche formation, the lower 
formation of Chico group, and is unconformably overlain by Cantua sand- 
stone member of Martinez (?) formation. In the southern area it consists 
of foraminiferal and diatomaceous maroon and chocolate-colored shale and 
dark clay shale, with some interbedded sandstone, and has a maximum 
thickness of about 1,600 to 1,800 feet. In the northern area it contains less 
of the shale of truly organic origin and more clay shale and sandstone and is 
unconformably overlain by Tejon formation. Typically exposed in Moreno 
Gulch, on east flank of Panoche Hills, where it is 1,700 to 2,000 feet thick 
and composed predominantly of thin-bedded, rather brittle brownish and 

‘lavender-colored shales that weather into small bits and flakes. In lower 
part of formation are numerous beds of sandstone, locally containing poorly 
developed concretions and in general similar to the sandstone of Panoche 
formation. The upper half of formation is more nearly pure shale and con- 
tains a greater proportion of material of organic origin. Calcareous shale, 
limestone nodules, and layers of semiporcelaneous siliceous shale occur lo- 
cally, and near top of formation is a zone of white platy diatomaceous shale 
about 200 feet thick, which is traceable most of way along face of Panoche 
Hills, Fresno County. Line between Moreno and Panoche formations is 
arbitrarily drawn at horizon where the sandstone beds that form the steep 
eastern slope of Panoche Hills dip beneath the predominantly shaly beds. 


(To face p. 52, U. S. Geological Survey Bulletin 826) 
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REVIEWS AND NEW PUBLICATIONS 


“Symposium on Salt Domes.” Jour. Inst. Petrol. Tech. (London), Vol 17, 
Nos. ot and 92 (May, 1931), pp. 252-383. 


The symposium comprises primarily a series of papers which were pre- 
sented at one meeting of the Institute and the ensuing discussion which occupied 
the next meeting. The printed symposium consists of twelve papers: four 
papers on the salt domes of the Persia-Palestine-Arabia-Egypt area, a good, 
although short, summary paper on the German salt domes, a summary paper 
on the American salt domes, three short geophysical papers on salt domes, and 
some papers on theory. 

The most important papers are those by Lees, Harrison, Wade, and Dabell 
cn the salt domes of the Near East and Egypt. ‘The special value of the 
symposium lies primarily in the data, some of them entirely new, on those salt 
domes, and secondarily in the thoughts on salt-dome theory which the Persian 
salt domes have provoked in geologists who have studied them closely. 

Murray Stuart’s suggested theory of the secondary origin of salt-dome 
cap rock from its own premises is inapplicable to the cap rock of the American 
salt domes. 

Dona.p C. BARTON 

Houston, TEXAS 

September 1, 1931 


Field Geology. By Frepertc H. LAHEE. Third edition. McGraw-Hill Book 
Company, New York, 1931. 789 pp., 538 illus., pocket size, flexible. 
Price, $5.00. 

The development of geological science and the progress in geological 
method during the last 10 years are clearly and adequately indicated by a com- 
parison of this recently published third edition of Lahee’s Field Geology with 
the second edition of this well-known and widely used handbook, which appeared 
in 1923. The volume in hand is the result of very extensive revision and ex- 
pansion of the earlier edition, and is especially noteworthy for its concise treat- 
ment of the several geophysical tools which the geologist has lately learned to 
use. It is a book which should be in the library of every field geologist and is 
an essential bit of field equipment for every survey party. 

The first half dozen chapters are only slightly changed from the earlier 
edition. These deal with the different features of rocks, ranging from minute 
structures and markings to the larger field relations, with special emphasis on 
their interpretation in terms of origin. Numerous keys and tables are pre- 
sented in an attempt to systematize the seeming disorder of nature, and to 
aid the field geologist in his diagnoses. Chapters VII and VIII are devoted to 
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folds and faults; these chapters include considerable new material and indicate 
that the author is thoroughly conversant with the many studies, recently made 
in field and laboratory, concerning the deformation of rocks. Metamorphic 
rocks, mineral deposits, and topographic features receive their due share of 
attention in this first half of the volume, designed to set forth the nature of the 
data with which the geologist should be familiar before he begins his field ex- 
plorations. The section devoted to topographic maps and their interpretation 
is especially commendable. 

It is, however, the second half of the book, the part dealing with field meth- 
ods, which indicates the most radical improvement, both in Lahee’s presenta- 
tion and in the technique of the geologist. Certain topics, inadequately treated 
in the earlier editions, such as the manipulation of the telescopic alidade and 
the use of the plane table in geologic mapping, are here given full treatment. 
New procedures, such as airplane mapping, are well described and nicely eval- 
uated. Subsurface surveying is considered almost exclusively from the ‘point 
of view of petroleum geology, and its discussion includes a consideration of the 
use of heavy minerals, micropaleontology, chemical analyses, and geothermal 
data in geologic correlation. The problem of crooked holes and their bearing 
upon subsurface interpretations is handled in an admirable manner. 

The section on geophysical methods is by no means a complete manual 
of instruction for those who work with torsion balance, seismograph, or mag- 
netometer; instead, it is well calculated to give the geologist the understanding 
which ought to be his concerning the basic principles upon which these and 
allied instruments operate, their limitations and their accomplishments. Such 
knowledge ought to be a part of the equipment of every geologist who makes 
any pretence of keeping abreast of the times, for geophysical surveying is des- 
tined to make important contributions to many other departments of geology 
than those which are embraced in petroleum geology. Only lack of vision is 
to-day delaying the justifiable expansion of geophysical work, and that lack 
is rapidly being overcome as geologists get acquainted with the new tools. 
Lahee’s manual may well be recommended to those who desire an introduction 
to them. 

All in all, this discussion of field methods deserves the highest praise. The 
book should prove extremely useful to the field man of long experience as well 
as to the student and the less experienced geologist. 

KiRTLEY F. MATHER 
HARVARD UNIVERSITY 
CAMBRIDGE, MASSACHUSETTS 
September 1, 1931 


Maurice Gignoux, ‘‘ La tectonique des terrains saliféres; son réle dans les Alpes 
Francaises.”’ Centenaire de la Société Géologique de France; Livre Jubilaire, 


18 30-1930 (Tectonics of Saliferous Terrains as Applied to the French Alps. 
Centenary of the Geological Society of France; Jubilee Volume, 1830- 
1930), Vol. 2, pp. 329-60. G. E. Stechert and Company, New York 
Price, unbound, 2 vols., $12.00. 
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The article is a general review of salt domes of the world, leading up to 
his thesis (Tectonique du Trias Salifére dans les Alpes Francaises, pages 350-59) 
that gypsum beds in the French Alps are residual salt domes. He believes that 
the salt has all been leached away and, in some places at any rate, that the gyp- 
sum from various domes, originating from beds of different ages, has reunited 
to form a single continuous bed. The basis for his argument seems to be the 
inclusion of pre-Triassic, Jurassic, and Cretaceous fragments in Triassic gypsum. 


MARGARET C. Coss 
New York, New York 
August 12, 1931 


Principles and Practice of Geophysical Prospecting. By A. B. BROUGHTON EDGE 
and T. H. Lasy. Cambridge University Press (1931); The Macmillan 
Company, New York. Demy 4to. xiv + 380 pp., 261 illus. Price, $5.00. 


This book is the report of the Imperial Geophysical Experimental Survey 
which was established jointly by the Commonwealth Government of Australia 
and the British Empire Marketing Board to test the geophysical methods of 
prospecting. Field investigations were made with the electric, magnetic, 
gravimetric, and, to a less extent, seismic methods on sulphide and other ores, 
graphite, lignite, saline waters, and geologic structures in fifteen areas widely 
separated in the six Australian states. Most of the surveys were over known 
deposits and structure. 

The form of the report is somewhat like that of a text-book illustrated by 
field results. Part I gives an elementary exposition of the geophysical methods 
and the results of the surveys. Part II gives a technical discussion of the field 
procedure, design, and behavior of the apparatus and field equipment, inter- 
pretation of the results, and underlying principles of the methods. 

A handicap which was recognized and a limitation to the conclusions lie 
in the absence of experienced applied geophysicists, except electrical geophysi- 
cists, and in the non-standard character of some of the instruments used. 

The Imperial Geophysical Experimental Survey deserves much praise and 
Broughton Edge and Laby have written a readable, interesting, and valuable 
report which is a permanent contribution to applied geophysics. The reviewer 
warmly recommends this book to all geophysicists and to all geologists and 
engineers who are closely interested in geophysics. 

DonaLp C. BARTON 

Houston, TEXAS 

September 1, 1931 


RECENT PUBLICATIONS 


COLORADO 


“The Devonian of Colorado,” by Edwin Kirk. Amer. Jour. Sci. (New 
Haven), Vol. 22, No. 129 (September, 1931), pp. 222-40. 
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GENERAL 


“Das Wandern des Erdéls’’ (Migration of Petroleum), by O. Stutzer. 
Intern. Zeits. f. Bohr., Erdélb. und Geol. (Vienna), Vol. 39, No. 15 (August 1, 
1931), Pp. 113-17. 

‘“‘Bemerkungen zum geoelektrischen Nachweis und zur Migration des Ols” 
(Observations on Geoelectric Proof and on Migration of Petroleum), by J. 
KGnigsberger. Petro’. Zeits. (Berlin), Vol. 27, No. 32 (August 5, 1931), p. 570. 

GEOPHYSICS 

“Die Bearbeitung und Deutung von Drehwaagenmessungen” (Revision 
and Interpretation of Torsion-Balance Surveys), by Hans Hlauschek, Petrol. 
Zeits. (Berlin), Vol. 27, No. 27 (July 1, 1931), pp. 510-20, 28 figs. 

Theory of the Tectonical Gravimetric Investigation, by J. A. A. Mekel. ‘Thesis 
for degree of doctor of technology at Delft, March, 1928. ‘Translated from 
Dutch by M. Walter Pesman. Prepared through departments of mechanics 
and geophysics, Colorado School of Mines, Golden. For sale by F. B. Robin- 
son, stationer, Golden, Colorado. 89 pp., mimeographed; illus. Price, $2.00. 


PENNSYLVANIA 
“Gas in the Tioga Region, Pennsylvania,” by George H. Ashley, Stan- 
lev H. Cathcart, Bradford Willard, and Charles R. Fettke. Pennsylvania 


Topog. and Geol. Survey Bull. 102 (Harrisburg, August 10, 1931). 28 pp., 2 
maps. Mimeographed. Revision of edition of April 17, 1931. 


RUSSIA 
“Zur Geologie der élfiihrenden Schichten des Ural” (Geology of the 


Petroliferous Beds of the Urals), by N. Polutoff. Petrol. Zeits. (Berlin), Vol. 
27, No. 32 (August 5, 1931), pp. 580-81. 
TENNESSEE 
“Geology and Ground-Water Resources of Western Tennessee,” by F. G. 
Wells ct al. Codperative report by U. S. Geol. Survey and Tennessce Geol. 


Survey in manuscript form, which may be consulted at Washington, D. C., and 
at Nashville, Tennessee. 
TEXAS AND LOUISIANA 

“Oil and Sulphur Development in the Texas and Louisiana Gulf Coast 
Salt Dome Region,”’ compiled and edited by G. C. Francisco, Jr., and Harry 
M. Sample. Texas Gulf Coast Oil Scouts Assoc. and South Louisiana Oil Scouts 
Assoc. Bull. 1, 1930 (1931). Publication headquarters, 1418 Esperson Building, 
Houston, Texas. 128 pp., illus. 8 x 105 inches. Paper. Price, $3.50. 


WYOMING 


“The Significance of Geologic Conditions in Naval Petroleum Reserve 
No. 3, Wyoming,” by W. T. Thom, Jr., and Edmund M. Spieker; with a section 
on “The Waters of the Salt Creek-Teapot Dome Uplift,” by Herman Stabler. 
U.S. Geol. Survey Prof. Paper 163 (1931), Supt. of Documents, Washington, 
D. C. 64 pp., 19 figs., 30 pls., 14 tables, index. Paper. Price, $1.25. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not consti- 
tute an election, but places the names before the membership at large. If any 
member has information bearing on the qualifications of these nominees, he 
should send it promptly to J. P. D. Hull, business manager, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of cach nominee.) 


FOR ACTIVE MEMBERSHIP 
Richard Ambronn, Gottingen, Germany 
E. U. von Buelow, Charles M. Rath, R. Clare Coffin 
Francis R. S. Henson, Baghdad, Iraq 
F. E. Wellings, E. W. Shaw, L. V. A. Fowle 
Donald Cattanach Perry, Lemoore, Calif. 
Leo S. Fox, Eugene C. Templeton, Louis N. Waterfall 
John Anthony Poulin, South Bend, Ind. 
A. N. Mackenzie, William B. Heroy, James Terry Duce 
Roger H. Sherman, Tampico, Mexico 
James W. Hunter, Salvador Ortiz Davila, Carroll H. Wegemann 
Thomas Fulton Williamson, Pittenweem, Fife, Scotland 
E. W. Shaw, L. V. A. Fowle, F. E. Wellings 
FOR ASSOCIATE MEMBERSHIP 
William Henry Corey, Long Beach, Calif. 
Ralph Arnold, Wayne Loel, W. S. W. Kew 
Louis George Millward, Loanda, Angola, W. Africa 
Ernest C. H. Roschen, Shirley L. Mason, W. S. Levings : 
Wayne Varley, Collinsville, Tex. 
Leroy T. Patton, M. A. Stainbrook, W. I. Robinson 
FOR TRANSFER TO ACTIVE MEMBERSHIP 
Charles Sumner Bacon, Jr., Riverside, Calif. 
D. J. Fisher, A. O. Woodford, John P. Buwalda 
John William Brice, Port of Spain, Trinidad, B. W. I. 
G. Moses Knebel, L. P. Teas, Vincent W. Vandiver 
Frank H. Butler, Beaumont, Tex. 
P. S. Justice, R. W. Pack, B. E. Thompson 
Charles Gerald Bynum, Denver, Colo. 
R. Clare Coffin, Ross L. Heaton, Hugh A. Stewart 
William S. Hoffmeister, Maracaibo, Venezuela, S. A. 
J. B. Burnett, Eugene C. Reed, William H. Spice, Jr. 
Seth Warner Holmes, Shawnee, Okla. 
William F. Absher, A. F. Morris, J. M. Nisbet 
Jackson Young, Jackson, Miss. 
John Smith Ivy, D. J. Monroe, J. M. Nisbet 


1301 


1302 


Davip DonoGHvE (1932), vice-chairman, 1116 Fort Worth Natl. Bank Building, Fort Worth, Texas 


REPRESENTATIVES ON NATIONAL STRATIGRAPHIC NOMENCLATURE COMMITTEE 


THE ASSOCIATION ROUND TABLE 


ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 
Lovic P. Garrett, chairman, Gulf Production Company, Houston, Texas 
FRANK RINKER CLaRK, secrelary, Mid-Kansas Oil and Gas Company, Tulsa, Oklahoma 
Stoney Powers, Box 2022, Tulsa, Oklahoma 
L. Courtney Dectus, Associated Oil Company, San Francisco, California 
F. H. Lanee, Box 2880, Dallas, Texas 


GENERAL BUSINESS COMMITTEE 
R. S. (1932), chairman, 735 Philcade Building, Tulsa, Oklahoma 


C. A. Barro (1933) 

S. P. Borpen (1932) 

J. P. Bowen (1932) 

R. Corin (1933) 
Victor CoTNner (1932) 

L. Courtney Dectus (1932) 
R. K. DeForp (1933) 

H. B. Fuqua (1933) 

Lovic P. Garrett (1933) 
S. A. GROGAN (1933) 

W. R. Hamitton (1933) 
Harry R. JoHNsoN (1933) 
L. W. KEsLer (1933) 

R. S. KNAPPEN (1933) 
Freperic H. LAwEE (1932) 
C. R. McCottom (1932) 
H. D. Miser (1932) 


R. C. Moore (1932) 
Josern E. Morero (1933) 
Joun M. NisBet (1932) 
Ep. W. OwEN (1933) 
LEON J. PEPPERBERG (1933) 
Stoney Powers (1932) 

R. D. REED (1933) 

A. H. RicHarps (1933) 
Scott (1932) 

F. C. SEALEY (1932) 

S. C. StaTHERS (1933) 
Storm (1932) 

H. J. Wasson (1933) 
THERON WassON (1933) 
Joun F. WEINZIERL (1933) 
R. B. (1932) 


RESEARCH COMMITTEE 


Atex. W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Oklahoma 
Donatp C. Barton (1933), vice-chairman, Petroleum Building, Houston, Texas 


C. R. (1932) 
A. I. Levorsen (10932) 
Smwney Powers (1932) 
R. D. REED (1932) 

L. C. (1932) 


W. C. Spooner (1932) 


W. E. WRaTHER (1932) 
W. T. Trom, Jr. (1933) 
F. M. Van Tuyt (1933) 


M. G. CHENEY (1934) 


K. C. HEALD (1934) 
F. H. Lawee (1934) 
H. A. Ley (1934) 

R. C. Moore (1934) 
F. B. PLumMeR (1934) 


CONSTITUTION AND BY-LAWS 
Frank R. CLark, chairman, Box 2064, Tulsa, Oklahoma 


F. H. Lanee 


R. S. McFarRLanp 


REPRESENTATIVES ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


R. C. Moore (1933) 


Smpney Powers (1934) 


A. I. LevorsEN, chairman, 1740 South St. Louis Avenue, Tulsa, Oklahoma 


M. G. CHENEY 


C. J. Hares 


REVOLVING PUBLICATION FUND 
E. DeGotyer, chairman, 65 Broadway, New York, N. Y. 


RESEARCH FUND 
Lurger H. Warrt, chairman, J. A. Hull Oil Company, Tulsa, Oklahoma 
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Memorial 


KINGSLEY CAMDEN MITCHELL 


Kingsley Camden Mitchell, associate member of the Association, was 
murdered June 12, near the city of Mier, state of Tamaulipas, Mexico. 

According to one report from Mexico, Mitchell was fired upon and killed 
by Rufinio Solis, sixteen-year-old boy, who confessed to the murder, saying 
Mitchell had insulted him. Another report from Mexico states Rufinio Solis, 
infuriated because of the unfortunate shooting in Oklahoma of two cousins of 
President Ortiz Rubio, fired upon Mitchell while he was at work on an outcrop. 

According to the latter report, no words were spoken between Mitchell and Solis. 

Kingsley Camden Mitchell was born in Camden, Maine, August 3, 1903. 

During his early years, the family moved to Carthage, Missouri, and in 1912 ’ 
to Santa Barbara, California. He attended the Santa Barbara Grammar ; 
School until 1916 and from 1916 to 1920 attended the Santa Barbara High 

School. From 1920 to 1922 he was enrolled in the Santa Barbara Junior Col- r 
lege, transferring to the University of California in 1922. His first two years 
at the University were spent in the College of Letters and Science. In 1924 he 
entered the College of Mining and majored in economic geology. He received 
his B. S. degree in May, 1927. 

Mitchell was a member of Delta Chi general college fraternity, and a mem- 
ber of the honorary scholastic fraternity Tau Beta Pi. 

Soon after graduating from the University of California in May, 1927, he 
was employed by the Rocky Mountain division of the Union Oil Company of 
California, with headquarters at Fort Collins, Colorado. During the summer 
of 1927 he worked in the capacity of assistant geologist in reconnaissance map- 
ping on the “Western Slope” of Colorado. In the fall, he was given charge of 
test-pit exploration work in the Laramie basin in Wyoming, where he worked 
until November, 1928. In January, 1929, he was employed and sent to southern 
Mexico by the Richmond Petroleum Company, a subsidiary of the Standard 
Oil Company of California. He remained in southern Mexico nearly two years 
and was then transferred to northern Mexico, where his career so tragically 
ended. 

The Association has lost a young personality that gave promise of going 
far in his chosen field of petroleum geology. He was always quietly determined 
to discharge his duties in the best possible manner. He had many original ideas 
and the keen intellect and good judgment to execute them. 


Kingsley or “‘ Killy”’ as his friends knew him, was serious-minded in regard ri 
~ to both his work and his recreation. He possessed a uniform temperament ii 
which even in periods of greatest stress could not be flustered. Although ex- = 


tremely studious, he was fond of competitive sports and was an able boxer. 
He loved music and spent his available time, when possible, in the cultivation 
of a very pleasing singing voice. Among his friends he was ever thoughtful and 
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this one trait alone has endeared him to all who were fortunate enough to know 
him intimately. 

He is survived by his mother, Mrs. L. Read Mitchell, two sisters, Barbara 
and Mrs. H. Pimley, and a brother Gordon, who live in San Francisco; a brother, 
Donald, residing in Los Angeles; and a brother, Samuel Duffield, who is in the 
bond department of the Bank of America in San Jose, California. 


C. E. MANION 


SANTA PAULA, CALIFORNIA 
August 19, 1931 


AT HOME AND ABROAD 
CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


The annual meeting of the Geological Society of America, in codperation 
with The American Association of Petroleum Geologists, will be held at the 
Mayo Hotel in Tulsa, Oklahoma, December 29-31. 

A half day session of the technical program will be devoted to papers 
by members of the Association. All Association members are urged to attend 
this meeting. Reduced railroad rates have been granted. 

Inquiries should be addressed to Frank R. Clark, general chairman, Box 
2064, Tulsa, Oklahoma. 


W. A. J. M. VAN WATERSCHOOT VAN DER GRACHT, of Hainfeld Castle, 
Feldbach, Styria, Austria, has published a paper entitled, ‘‘ Bemerkungen zur 
Oszillationstheorie Erich Haarman’s,” in the Zeitschrift of the German Geol- 
ogical Society, Vol. 83, No. 5 (1931). 


Dyevap Eyoup, consulting geologist, has returned from Tampico, Mexico, 
and may be addressed at 302 Furr Drive, San Antonio, Texas. 


A. J. GoopMan, recently with the Department of the Interior, Calgary, 
Alberta, Canada, has moved to “ Melrose,’”’ Debdale Road, Wellingborough, 
Northants, England. 


James S. HupNALL, of Hudnall and Pirtle, has moved from San Antonio 
to Tyler, Texas. The mail address is Box 740. 


HENRY ScHWEER, of Norman, Oklahoma, may be addressed at Box 225, 
Demopolis, Alabama. 


Davin B. REGER, associate geologist of the West Virginia Geological Sur- 
vey, has an article, ‘‘ Pennsylvanian Cycles in West Virginia,” in J/linois State 
Geological Survey Bulletin 60, pages 217-31. 


Harry P. Stroxz, formerly chief petroleum engineer with the Sunset Pa- 
cific Oil Company, and E. R. STANLEY, formerly petroleum engineer with the 
Georgé@ F. Getty and MacMillian petroleum corporations, have opened offices 
at 719-723 Security Building, Los Angeles, California, for general practice in 
mining and petroleum engineering. 


The American Petroleum Institute will continue studies in fundamental 
research in petroleum occurrence, recovery, and composition, for a period of 
two years. Project No. 4, “Origin and Environment of Source Sediments of 
Petroleum,” is continued under the direction of PARKER D. TRAsK, who will 
have two assistants, one at Washington and one at Tulsa. Particular attention 
will be given to the study of samples of possible source rocks from drilled and 
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drilling wells. Members of the advisory committee of the American Petroleum 
Institute on fundamental research on the occurrence and recovery of petroleum 
are: L. P. GARRETT, E. G. GAYLorp, K. C. HEALD, F. H. LAHEE, ALEXANDER 
McCoy, C. V. Mitirkan, K. B. Nowets, R. D. REEp, H. B. Soyster, H. D. 
Wipe, Jr., and H. H. Hitt, chairman. All these gentlemen except the last 
two are also members of The American Association of Petroleum Geologists. 


Ronatp K. DEForp will teach geology at the Colorado School of Mines, 
Golden, the coming college year. 


WarrEN B. REED, consulting engineer, has changed his address from 
Morgan City, Louisiana, to 731 Royal Street, New Orleans, Louisiana. 


KENNETH S. FERGUSON, formerly geologist with the Midwest Refining 
Company, Denver, Colorado, has been appointed geologist and engineer for 
the Potash Company of America with headquarters at Carlsbad, New Mexico. 


J. M. Vetter, geologist, has given up consulting work and has assumed 
charge of the geological work for the Rio Bravo Oil Company, Houston, Texas. 


LEon BossarpD, whose consulting office is at Pestalozzistr. 37, Ziirich 7, 
Switzerland, has returned to Europe after 5 years of exploration in New Zealand 
for the Australian Oil Companies. 


The annual fall meeting of the Pacific Section of the Association will be 
held in Los Angeles, November 5 and 6. A part of the program will be a sym- 
posium on the structural history of California oil fields. C. M. WAGNER, 1003 
Higgins Building, Los Angeles, is in charge of the program. All members of the 
Association are cordially invited to attend these meetings. 


JuLtan Hrnps, designing engineer for the metropolitan water district, 
talked on “‘The Colorado River Project and Metropolitan Aqueduct,” at the 
luncheon of the Pacific Section of the Association, held at the Engineers’ Club, 
Los Angeles, September 18. 


W. H. Wuirtrier, of Berkley, California, has accepted an appointment 
as geologist for the U. S. General Land Office, with headquarters at Denver, 
Colorado. His post-office address is Box 509. 


The geologists working in East Texas met in Tyler, September 10, and 
formed the East Texas Geological Society. The following officers were elected: 
president, E. A. WENDLANDT; vice-president, W. C. THompson; and secretary- 
treasurer, E. M. Rice, Box 22J, Van, Texas. . 


The Third International Conference on Bituminous Coal, Thomas R. 
Alexander, secretary, will be held at Carnegie Institute of Technology, Schen- 
ley Park, Pittsburgh, Pennsylvania, November 16-21. 
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PROFESSIONAL DIRECTORY 


SPACE FOR PROFESSIONAL CARDS !S RESERVED FOR 
MEMBERS OF THE ASSOCIATION. FOR RATES, APPLY TO 


THE BUSINESS MANAGER, BOX 


1852, TULSA, OKLAHOMA 


CHESTER W. WASHBURNE 


GEOLOGIST 


149 BROADWAY NEW YORK 


HUNTLEY & HUNTLEY 


PETROLEUM GEOLOGISTS 
AND ENGINEERS 


L. G. HUNTLEY 
WILLIAM J. MILLARD 
J. R. WYLIE, JR. 


GRANT BUILDING, PITTSBURGH, PA. 


EDWIN B. HOPKINS 


CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK 


GEO. C. MATSON 
GEOLOGIST 


PHILCADE BUILDING TULSA, OKLA. 


G. JEFFREYS 
CONSULTING GEOLOGIST 
PHONE JOHN 2584 


80 MAIDEN LANE NEW YORK 


DABNEY E. PETTY 


CHIEF GEOLOGIST 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


SAN ANTONIO, TEXAS 


J. P. SCHUMACHER 
R. Y. PAGAN 


W. G. SAVILLE 
A. C. PAGAN 

TORSION BALANCE 

EXPLORATION CO. 


TORSION BALANCE SURVEYS 


PHONE: PRESTON 7315 
730-32 POST DISPATCH BUILDING 


FREDERICK G. CLAPP 


CONSULTING GEOLOGIST 


50 CHURCH STREET 


HOUSTON TEXAS NEW YORK 
F.B.PORTER - R. H. FASH 
PRESIDENT VICE-PRESIDENT 
TLER, JR. 
THE FORT WORTH 
LABORATORIES EVALUATIONS AND GEOLOGICAL 


ANALYSES OF BRINES, GAS, MINERALS, 
OIL. INTERPRETATION OF WATER ANAL- 
YSES. FIELD GAS TESTING. 


828%, MONROE STREET FORT WORTH, TEXAS 
LONG DISTANCE 138 


REPORTS 


1844 BRONSON AVENUE 
LOS ANGELES, CALIFORNIA 


Please use coupon on last page of advertisements in answering advertisers 
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E. DEGOLYER 


GEOLOGIST 


DONALD C. BARTON 
GEOLOGIST AND GEOPHYSICIST 


SPECIALIST ON 
GULF COAST SALT-DOME AREA 


EOTVOS TORSION BALANCE IN 
DOMESTIC OR FOREIGN WORK 


PETROLEUM BUILDING 


65 BROADWAY NEW YORK HOUSTON TEXAS 
PHILLIP MAVERICK 
JOHN L. RICH 
PETROLEUM GEOLOGIST 
GEOLOGIST 
WESTERN RESERVE LIFE BUILDING 
DEPARTMENT OF GEOLOGY 
OTTAWA UNIVERSITY OF CINCINNATI 
SAN ANGELO TEXAS KANSAS CINCINNATI, OHIO 


KARL ETIENNE YOUNG 
CONSULTING GEOLOGIST AND PALEONTOLOGIST 
SPECIALIZING IN TERTIARY OF GULF COAST 
EVALUATION OF SALT DOME OIL FIELDS 


327 MASON BUILDING HOUSTON, TEXAS 


BROKAW, DIXON, GARNER 
& McKEE 
GEOLOGISTS ENGINEERS 
OIL—NATURAL GAS 


EXAMINATIONS, REPORTS, APPRAISALS 
ESTIMATES OF RESERVES 


120 BROADWAY NEW YORK 


WALTER STALDER 


PETROLEUM GEOLOGIST 
925 CROCKER BUILDING 


SAN FRANCISCO, CALIFORNIA 


CARROLL H. WEGEMANN 
CHIEF GEOLOGIST 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 EAST 42ND STREET 


NEW YORK 


R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 
OKLAHOMA, KANSAS, TEXAS PAN- 
HANDLE, AND EAST TEXAS 


LAUGHLIN-SIMMONS & CoO. 


605 OKLAHOMA GAS BUILDING 


TULSA OKLAHOMA 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 


GEOLOGISTS 


641 MILAM BUILDING SAN ANTONIO, TEXAS 


ALEXANDER DEUSSEN 
CONSULTING GEOLOGIST 


SPECIALIST, GULF COAST SALT DOMES 


1606 POST DISPATCH BUILDING 
HOUSTON, TEXAS 


FRED H. KAY 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 E. 42ND STREET NEW YORK 


Please use coupon on last page of advertisements in answering advertisers 
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PAUL P. GOUDKOFF 
GEOLOGIST 


GEOLOGIC CORRELATION BY FORAMINIFERA 
AND MINERAL GRAINS 


1204 SUBWAY TERMINAL BUILDING 
LOS ANGELES, CALIFORNIA 


LEON J. PEPPERBERG 


CONSULTING GEOLOGIST 


COLUMBIA ENGINEERING AND MANAGEMENT CORP. 
(CoLumBiA GAS AND ELECTRIC CorP,) 

61 BROADWAY 99 NORTH FRONT STREET 

NEW YORK COLUMBUS, OHIO 


J. ¥Y. SNYDER 
1211 CITY BANK BUILDING 


SHREVEPORT, LOUISIANA 


NO COMMERCIAL WORK UNDERTAKEN 


Cc. R. McCCOLLOM 
MANAGER GEOLOGICAL AND LAND DEPARTMENTS 


PACIFIC WESTERN OIL COMPANY 


PETROLEUM SECURITIES BUILDING 
LOS ANGELES, CALIFORNIA 


R. S. MCFARLAND 


TULSA OKLAHOMA 


JOHN S. IVY 


UNITED GAS SYSTEM 


921 RUSK BLDG. HOUSTON, TEXAS 


Please use coupon on last page of advertisements in answering advertisers 
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DIRECTORY OF 
GEOLOGICAL SOCIETIES 


FOR THE INFORMATION OF GEOLOGISTS VISITING 
LOCAL GROUPS. FOR SPACE, APPLY TO THE BUSI- 


NESS MANAGER, BOX 


1852, TULSA, OKLAHOMA 


PANHANDLE 
GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 


PRESIDENT - - - J. D. THOMPSON, Jr. 
ROOM 3, AMARILLO NATIONAL BANK BUILDING 


FIRST VICE-PRESIDENT - - H. T. MORLEY 
STANOLIND OIL AND GAS COMPANY 


SECOND VICE-PRESIDENT - - J. V. TERRILL 
GULF PRODUCTION COMPANY 


SECRETARY-TREASURER - - A. R. KAUTZ 
EMPIRE GAS AND FUEL COMPANY 


MEETINGS: FIRST AND THIRD THURSDAY NOONS, EACH 
MONTH. PLACE: ROSE BOWL TEA ROOM, 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


PRESIDENT - - - - WILLIAM J. NOLTE 
DIXIE OIL. COMPANY 


VICE-PRESIDENT - - - - H. F. SMILEY 
DEEP OIL DEVELOPMENT COMPANY 


SECRETARY-TREASURER - VIRGIL PETTIGREW 
HUMBLE OIL AND REFINING COMPANY 


MEETINGS: SECOND FRIDAY, EACH MONTH, AT 6:30 P.M. 
LUNCHEONS: FOURTH FRIDAY, EACH MONTH, AT 12:15 P.M. 
PLACE: WICHITA CLUB, NATIONAL BUILDING 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


PRESIDENT - - - - R. S. KNAPPEN 

GYPSY OIL COMPANY 

1ST VICE-PRESIDENT - - - - F. A. BUSH 

SINCLAIR OIL AND GAS COMPANY 

2ND VICE-PRESIDENT - - - c. L. SEVERY 
816 KENNEDY BUILDING 

SECRETARY-TREASURER - RONALD J. CULLEN 

TWIN STATE OIL. COMPANY 


MEETINGS: FIRST AND THIRD MONDAYS, EACH MONTH, 
FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 P. M., 
FOURTH FLOOR, TULSA BUILDING. LUNCHEONS: EVERY 
THURSDAY, FOURTH FLOOR, TULSA BUILDING. 


KANSAS 
GEOLOGICAL SOCIETY 


WICHITA, KANSAS 


PRESIDENT - - - WALTER W. LARSH 
STANOLIND OIL. AND GAS COMPANY 
VICE-PRESIDENT - - EVERETT A. WYMAN 
AMERADA PETROLEUM CORPORATION 
SECRETARY-TREASURER - PAUL A. WHITNEY 
MID-CONTINENT PETROLEUM CORPORATION 


REGULAR MEETINGS, 12:30 P. M., AT INNES TEA ROOM, 
THE FIRST SATURDAY OF EACH MONTH. VISITING 
GEOLOGISTS ARE WELCOME. 


THE KANSAS GEOLOGICAL SOCIETY SPONSORS THE 
WELL LOG BUREAU WHICH IS LOCATED AT 412 UNION 
NATIONAL BANK BUILDING. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


PRESIDENT - 7 S. C. STATHERS 
STANDARD OIL COMPANY 
BOx 1739 
VICE-PRESIDENT - - - c. L. MOODY 


OHIO OIL. COMPANY 
GIDDENS-LANE BUILDING 


SECRETARY-TREASURER - G. W. SCHNEIDER 
THE TEXAS COMPANY 
BOX 1737 


MEETS THE FIRST FRIDAY OF EVERY MONTH, ROOM 
605 SLATTERY BUILDING. LUNCHEON EVERY MONDAY 
NOON, WASHINGTON HOTEL. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


PRESIDENT - - J. BRIAN EBY 
BOX 962 


VICE-PRESIDENT - ALVA CHRISTINE ELLISOR 
HUMBLE OIL AND REFINING COMPANY 


SECRETARY-TREASURER - JOHN F. WEINZIERL 
PETROLEUM BUILDING 


REGULAR MEETINGS, EVERY TUESDAY AT NOON (12:15) 
AT THE UNIVERSITY CLUB. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 
SECRETARY. 


Please use coupon on last page of advertisements in answering advertisers 
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DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 


CHAIRMAN - - R. B. WHITEHEAD 
ATLANTIC OIL. PRODUCING COMPANY 
VICE-CHAIRMAN - - ELLIS W. SHULER 


SOUTHERN METHODIST UNIVERSITY 
SECRETARY-TREASURER - - SAM M. ARONSON 
ATLANTIC OIL. PRODUCING COMPANY 


MEETINGS: LUNCHEON AT 12:15, BAKER HOTEL, SECOND 
MONDAY OF EACH MONTH. TECHNICAL MEETINGS, 7:45 
P.M., SOUTHERN METHODIST UNIVERSITY, LAST MONDAY 
OF EACH MONTH. VISITING GEOLOGISTS ARE WELCOME 
AT THE MEETINGS. 


WEST TEXAS GEOLOGICAL 


SOCIETY 
SAN ANGELO, TEXAS 
PRESIDENT - - - R. L. CANNON 


CANNON AND CANNON, SAN ANGELO 
VICE-PRESIDENT - - JOHN EMERY ADAMS 
THE CALIFORNIA COMPANY, MIDLAND 
SECRETARY-TREASURER - H.A. HEMPHILL 
UNIVERSITY OF TEXAS LAND SURVEY, SAN ANGELO 
MEETINGS: FIRST SATURDAY, EACH MONTH, AT 7:30 


P. M., ST. ANGELUS HOTEL. LUNCHEON: THIRD 
SATURDAY EACH MONTH AT 12:15. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
PRESIDENT - - - CLIFFORD W. BYRON 
STATE NATIONAL BANK BUILDING 
VICE-PRESIDENT - S. W. HOLMES 
EMPIRE OIL. AND REFINING COMPANY 


SECRETARY-TREASURER - GRAYDON LAUGHBAUM 
SINCLAIR OIL. AND GAS COMPANY 
MEETS THE FOURTH MONDAY NIGHT OF EACH MONTH 


AT 7:00 P. M., AT THE ALORIDGE HOTEL. VISITING 
GEOLOGISTS WELCOME. 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 


DENVER, COLORADO 
PRESIDENT J. HARLAN JOHNSON 
COLORADO SCHOOL OF MINES, GOLDEN, COLORADO 
VICE-PRESIDENT 7 - 7 c. E. DOBBIN 

U. S. GEOLOGICAL SURVEY 
VICE-PRESIDENT - - ROSS L. HEATON 
CONSULTING GEOLOGIST, 2374 ELM STREET 
SECRETARY-TREASURER W. A. WALDSCHMIDT 
COLORADO SCHOOL OF MINES, GOLDEN, COLORADO 
LUNCHEON MEETINGS, FIRST AND THIRD THURSDAYS OF 

EACH MONTH, 12:15 P.M. AUDITORIUM HOTEL. 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 
PRESIDENT - - - - FORD BRADISH 
JOHNSTON AND BRADISH 


VICE-PRESIDENT - - - PAUL L. APPLIN 
CCSDEN OIL COMPANY 


SECRETARY-TREASURER - PAUL M. BUTTERMORE 
MID-KANSAS OIL AND GAS COMPANY 


MEETINGS: LUNCHEON AT NOON, TEXAS HOTEL, FIRST 
AND THIRD MONDAY OF EACH MONTH. SPECIAL MEET- 
INGS CALLED BY EXECUTIVE COMMITTEE. VISITING 
GEOLOGISTS ARE WELCOME TO ALL MEETINGS. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


PRESIDENT - - - - R. M. WHITESIDE 
SHELL PETROLEUM CORPORATION 


VICE-PRESIDENT - - - G. C. MADDOX 
CARTER OIL COMPANY 
SECRETARY-TREASURER - - A. H. RICHARDS 


RAMSEY PETROLEUM CORPORATION 


RECORDING SEc'y - HARRY LEE CROCKETT, JR. 
ROGERS BROTHERS 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 7:30 
P. M., 9TH FLOOR COMMERCE EXCHANGE BUILDING. 
LUNCHEONS: EVERY SATURDAY AT 12:15 P. M., 9TH 
FLOOR, COMMERCE EXCHANGE BUILDING. 

VISITING GEOLOGISTS ARE WELCOME TO ALL MEETINGS. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


PRES!IDENT - - - CHARLES RYNIKER 
GYPSY OIL COMPANY 
VICE-PRESIDENT - - - - D. C. NUFER 
CARTER OIL COMPANY 
SECRETARY-TREASURER R. C. BREHM 
PRODUCERS AND REFINERS CORPORATION 


MEETINGS: SECOND AND FOURTH WEDNESDAY, EACH 
MONTH, FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 
P. M., THIRD FLOOR, TULSA BUILDING. 


CHARLESTON 
GEOLOGICAL SOCIETY 
CHARLESTON, WEST VIRGINIA 


PRESIDENT - - - WILLIAM O. ZIEBOLD 
517 KANAWHA VALLEY BUILDING 


VICE-PRESIDENT - - - J, E. BILLINGSLEY 
1108 UNION BUILDING 


SECRETARY-TREASURER 1. G. GRETTUM 
306 UNION BUILDING 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 6:30 
P. M., RUFFNER HOTEL. 
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Last Opportunity! 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS 
VOLS. I-II 


Now PRICE, $4.00 EACH, TO MEMBERS AND ASSOCIATES 


This valuable collection of geological data is increasing the enviable scientific reputation of the 
Association. It is a distinctive publication. Only a few of these important papers are published 
in the Bulletin. Members and associates now have the opportunity of securing one of these books 
at $4.00 per copy. 


Volume I, 510 pp., 190 illus. Cloth. Price to non-members, postpaid, $5.00 
Volume II, 780 pp., 235 illus. Cloth. Price to non-members, postpaid, $6.00 


S AFTER JANUARY 1, 1932, THE PRICE OF EACH WILL BE $5.00 
oon TO MEMBERS AND ASSOCIATES 


Price to non-members: after January 1, 1932, Vol. I and Vol. IT each $7.00 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U. S. A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 


JOURNAL OF SEDIMENTARY PETROLOGY 


The Journal of Sedimentary Petrology is devoted to a field in geology that is rapidly 
growing in importance, one that has such far-reaching scientific and economic significance that 
no alert geologic worker can afford to be ignorant of it. The subject matter of this Journal is 
the physical characters and origin of sediments. For the first time there is now offered a 
publication dealing solely with the processes of sedimentation, the nature and distribution of 
heavy minerals, insoluble residues and other constituents of sedimentary rocks, the significance 
of textural features,—in fact, all matters related to the genesis and later history of sedimentary 
formations. 


The editorial staff includes leaders in America and Europe on study of the sediments: 
P. G. H. Boswortn, London, England 
M. A. Hanna, Houston, Texas 
H. B. Miiner, London, England 
R. C. Moore, Lawrence, Kansas 
R. D. Reep, Los Angeles, California 
C. S. Ross, Washington, D. C. 
A. C. Trowsrince, Iowa City, Iowa 
W. H. Twennoret, Madison, Wisconsin 


The Journal of Sedimentary Petrology is now issued twice a year, in May and November. 
The subscription price is $3.00 per year, prepaid to addresses in the United States, Mexico, 
Cuba, etc.; for Canada, 20 cents additional for postage. Members of the Association may secure 
this Journal at $2.00 per year on becoming members of the Society of Economic Paleontologists 
and Mineralogists. 


Send orders to 
GAYLE SCOTT, 


Texas Christian University, Fort Worth, Texas 


Please use coupon on last page of advertisements in answering advertisers 
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REVUE DE GEOLOGIE 


ET DES SCIENCES CONNEXES 


Monthly review of geology and connected 
sciences under the auspices of 
SocrETE GEOLOGIQUE DE BELGIQUE 

with the collaboration of 

The American Mineralogist, Société 
Géologique de France, Service Géol- 
ogique de Pologne, Comitato della 
Rassegna di Geologia, Several Official 
Geological Surveys, Australian Sci- 
ence Abstracts, Bureau d’Histoire 
Naturelle de Prague, and numerous 
Geologists of all parts of the World. 


GENERAL Or rice of the “ Revue de Géologie” 
Institut de Géologie, Université de Liége, 
Belgique 


TREASURER of the “Revue de Géologie” 
35, Rue des Armuriers, Liége, Belgique 


Prices: Vol. I (1920) $10.00, Vol. II (1921) $8.00, 
Vol. III (192 2 $7.50, Vol. IV (1923) $7.00, Vol. Vv 
(1924) v5 50, Vol. VI (1925) $6.00, Vol. VII (1926) 
$5.75, Vol. VIII (1927) $5, 50, Vol. IX (1928) $5.25, 
Vol. X (1929) $5.25, Vol. XI (r9g0) $5.00 (subscrip- 
tion price). Moderate extra rate for cover if wanted. 


SAMPLE COPY SENT ON REQUEST 


A New Book 


Physiography of 
Western United States 


By 
NEVIN M. FENNEMAN 
Professor of Geology 
University of Cincinnati 


The purpose of this book is to summarize 
the present knowledge of the physiography 
of western United States, describing the 
land forms and giving their history. 


xiii + 534 pages, 6 X 9g inches, 174 illus- 
trations, cloth. 
PRICE, $5.00 


Order from 


The American Association of 
Petroleum Geologists 


Box 1852 Tulsa, Oklahoma 


Publishers: G. E. Stechert & Co., New 
York—David Nutt, London—Felix Alcan, 
Paris—Akad. Verlagsgesellschaft, Leipzig— 
Nicola Zanichelli, Bologna—Ruiz Her- 
manos, Madrid—Livraria Machado, Porto 
—The Maruzen Company, Tokyo. 


**SCIENTIA”’ 


International Review of Scientific Synthesis. 
Published every month (each number con- 
taining 100 to 120 pages). 


Late Editor: EuGENIo RIGNANO 
Editors: F. Borrazz1, G. Brunt, F. ENRIQUES 


Is THe Onty Review of scientific synthesis and 
unification that deals with the fundamental ques- 
tions of all sciences; geology, mathematics, 
astronomy, physics, chemistry, biology, psychology, 
and sociology. Its contributors are the most 
i‘lustrious men of science in the world. 


The articles are published in the language of their 
authors and every number has a supplement con- 
taining the French translation of all the articles 
that are not French. The review is thus com- 
pletely accessible to those who know only French. 
(Write for a free copy to the General Secretary 
of “Scientia,’’ Milan, sending 12 cents in stamps of 
your country, merely to cover packing and post- 
age.) 


Subscription: Office: Via A. DeTogni 12 
$10, post free. —Milan (116) 


GeneraL Secretary: DR. PAOLO BONETTI 


The Annotated 


Bibliography of Economic Geology 
Vol. Ill, No. 1 


is now being mailed 


Orders are now being taken for the entire 
volume at $5.00 or for individual numbers 
at $3.00 each. Volumes I and II can still be 
obtained at $5.00 each. 

The number of entries in Vol. I is 1756. 
Vol. II contains 2480. Vol. III will contain 
2400. If you wish future numbers sent you 
promptly, kindly give us a continuing order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


Dear Sirs: 

Please send Vol. I, Vol. II, Vol. III, etc. of 
the Annotated Bibliography of Economic 
Geology to me at the following address. 


in payment 
therefor. 


Please use coupon on last page of advertisements in answering advertisers 


xix 


Bulletin of The American Association of Petroleum Geologists, October, 1931 


ALBERTA STRATIGRAPHY 


Donaldson Bogart Dowling Memorial Symposium 


Stratigraphy of Plains of Southern Alberta 
Including Biography, Foreword, and Index 


By Carl C. Addison, A. J. Childerhose, Clare M. Clark, B. F. Hake, H. M. Hunter, J. S. 
Irwin, Theodore A. Link, W. P. Mellen, P. D. Moore, Delmer L. Powers, F. W. Rohwer, 
J. O. G. Sanderson, S. E. Slipper, J. G. Spratt, P. S. Warren, and W. S. Yarwood. 


A limited edition of the October Bulletin papers is being prepared, without ex- 
traneous current items and advertising matter, bound in standard blue library buck- 
ram with gold-lettered backbone, comparable with the other special publications of 
the Association. 

14 articles assembled by the Alberta Society of Petroleum Geologists, affiliated 
with The American Association of Petroleum Geologists. 16 authors, fully qualified. 
Approximately 176 pages. 59 illustrations, including a geologic map of southern Al- 
berta. Size, 9 X 6 inches. 

$3.00 per Copy 
(Postpaid, exclusive of customs or tariffs) 
Limited Edition 


The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma, U. S. A. 
LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E. C. 4 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 


Mid-Continent Representatives for Spencer, Bausch & Lomb, and Leitz Microscopes and Accessories 


12 West Fourth St. Phone 9088 Tulsa, Okla. 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


INCORPORATED 1925 


SEISMOGRAPH WORK - INSTRUMENTS - SURVEYS 
1019 ALAMO NATIONAL BUILDING SAN ANTONIO, TEXAS 


Photographic maps covering over 30,000,000 acres 
have been made by us and used by geologists. 
Maps are now available for sale covering nearly 20 

per cent of the state of Texas. 
WRITE US for DETAILS on EXISTING MAPS or ABOUT NEW MAPPING 


EDGAR TOBIN AERIAL SURVEYS 
N ANTONIO, TEXAS 
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A Subscriber Writes: 


“‘T wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- 
scribe sooner.”’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to your home where 
you can read it at your leisure? The cost is only $1.00 a year. Use the attached 


order blank—NOW. 


The OIL WEEKLY 


P. O. BOX 1307 HOUSTON, TEXAS 


Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find enclosed 
check for $1, as payment in full. 


City and State. ... 


hold up entering your subscription until we can get this information from you.) 
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ASKANIA 


Small Torsion Balances 


are especially | and the eco- 
favored on nomic and re- 
account of | ; ag liable opera- 
their short a tion in the field 
period of q even in diffi- 


observation | cult territories 


. . k 
= Ask for further information on Askania thins 


geophysical instruments and apparatus 


AMERICAN ASKANIA CORPORATION 


HOUSTON, TEXAS CHICAGO, ILLINOIS 
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One of the 

Most Complete 
Laboratories in the 
Industry Protects the 


High Standard of Quality 
of » » » 


HUGHES 
TOOLS 


Vv Hughes Rock Bits 
Vv Hughes Core Bits 
V Hughes Tool Joints 
Vv Hughes Valves 


Everywhere 


Hughes Tool Company 


Main Office and Plant 
HOUSTON - TEXAS 


SERVICE PLANTS EXPORT OFFICES 
Los Angeles Woolworth Building 
Oklahoma City New York City 
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